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1. INTRODUCTION

The geometric adjustment of a network of ground stations, using
optical observations to satellites, is hardly a new topic. Since the
launch of the ANNA satellite in 1962, satellite observations have been
used to solve a variety of previously unsolvable geodetic problems.

One of the more basic problems was the determination of the Azimuth
between two distant stations. The latest accomplishment is the estab-
lishment of a worldwide network of optical observing stations by the
National Geodetic Survey. This geodetic network, shown in Figure 1.1,
is composed of 49 observing stations, more or less evenly distributed
throughout the world. Observations were made, using the BC-4 ballistic
cameras, to the PAGEOS balloon satellite, beginning in June, 1966 and
ending in November, 1970,

In January, 1971, the National Geodetic Survey was asked by NASA
to transform the worldwide network data into what is referred to as
Type I and Type II data for depqsition in the Space Science Data Center
at the Goddard Space Flight Center, Greenbelt, Maryland. The Type 1
data, called "partially reduced observations," counsists of the adjusted
X,y plate coordinates of each satellite image on the photographic plates,
The Type 11 data, referred to as "fictitious satellite directions," con-
sists of the Greenwich hour angles and declinations of generally seven

fictitious images, calculated from a polynomial fit to the satellite



Figure 1.1. BC-4 Worldwide Geometric Satellite” Network w_'ith the EDM Scalars



images, on each photographic plate. These fictitious images were reduced
to simultaneouty to those from other ground stations observing the satel-
lite during a particular event. Since all seven images on each plate
were selected from a pelynomial, a 14xl4 variance-covariance matrix
associated with the fictitious directions from each observing station

is also provided as part of the data.

The purpose of this paper is to find the most practical and econom-
ical way to use these correlated observations for the accurate recovery
of ground station positions, and then apply the result to the adjustment
of the National Geodetic Survey worldwide network.

The paper is divided into four Chapters. Due to the variance-
covariance matrix associated with the observations from each ground
station, it was necessary to develop a mathematical model that would
incorporate this matrix into the normal equations. The description of
this model, and the mathematical development necessary to form reduced
normal equations, is given in Chapter 2, following this introduction.

The description of the data, and the problems encountered in proces-
sing it, are discussed in Chapter 3. Also included in Chapter 3 are the
results of preliminary adjustments performed using observations from a
sub-network of the worldwide network only. This sub-network was used
to analyze (1) the resulting differences using a generalized least
squares solution and one utilizing observation equatioms, (2) the dif-
ference between a solution with correlated data and one where the cor-
relations were ignored and (3) the degree of'correlation that can be

tolerated before a solution begins to weaken.



The results of the worldwide network adjustment are given in

Chapter 4.



"2. THEORETICAL CONSIDERATIONS

The mathematical model used as the basis for this work is the
optical adjustment model developed in [Krakiwsky and Pope, 1967). This
program was developed for uncorrelated observations, with the observed
directions being the right ascension and declination referenced to the
true celestial coordinate system at the epoch of the observations. The
modifications to this model, in order to use the Type II observations,
are described in the following paragraphs.

2.1 General Development

The basic geometric figure used to describe the model is that of
a single ground station observing one satellite positior, illustrated
in Figure 2.1. Here O is the origin of the average terrestrial co-

ordinate system [Krakiwsky and Pope, 1967], G is the observing ground

S

Figure 2.1. Single Station Observing One Satellite rosition

5



station, and S is the satellite position. The mathematical model can

be written as

F=X~X., - X, =0. (2.1-1)

3 G GS
With the observed directions to the satellite in the true right as-

cension-declination coordinate system, the expanded version of Equation

(2.1-1) is [Krakiwsky and Pope, 1967],

F1 = I%xg - %g r cos @ cos 6 =0
Fyp =|yg - vg| - 8 r sin @ cos 6] =0 (2.1-2)
F3 = |gg - 2g r sin § =0
where
¥ = topocentric range to the satellite,
o = true.topocentric right ascension of the satellite,
§ = true topocentric declination of the satellite,
and
cos {GAST) sin {GAST) X
B = -sin (GAST) cos {GAST) -y
-x cos (GAST) - y sin (GAST) - x sin (GAST) + v cos (GAST) 1

GAST = Greenwich Apparent Sidereal Time,

X,y = the two components of polar motion.
If the obscrved quantities are the Greenwich hour angle (h) and
declination (6) in the average terrestrial coordinate system, such as

the Type 11 data, the expanded version of Equation (2.1-1) is

Fyp = xg - X; - Trcoshcos §=20
Fp =yg -yg + rsinbcos §=0 (2.1-3)
Fy = zg - z¢ - r sin § =0 .

The development necessary to form normal equations from uncorrelated

b



observations, using the generalized least squares approach with the model
defined by Equation (2.1-2), is described in detail in [Krakiwsky and
Pope, 1967]. When the cdrrelation between observations is introduced,
the situation becomés.much more complex, The Type II data was in the
form of car& images, én magnetic tapes, arranged as shown in Figure 2.2,
In the modellusing uncorrelated observations, an event was defined as
two or more ground stations simultaneously observing one satellite posi-
tion. With the Type II data, an event is defined as two or more ground
stations observing the seven simultaneous (fictitious) satellite posi-
tions. This is shown in Figure 2.3. The situation corresponding to
Figure 2.1 is drawn in Figure 2.4, The resulting mathematical model is
develqped in the following paragraphs.

2.2 The Generalized Least Squares Development

The mathematical model needed for the Type II observations is that
of Equation (2.1-3) expanded to include observations to all seven
satellite positions, i.e.,

F] = XSI - KG - rsl cOSs hsl COS (Ss.l =0

“Fg = ysy - yg + Ts, sin hsl cos Gsl =0

F3 = Zsl “z0 - rsl sin 631 = Q

. . . . (2.2-1)
F,., =x -x%x, -r, vos h, cos § =0

19 S? G 37 S? 57

F20 =y87 - yG + rs7 sin h:s_] (.08 (“;57 =0



Columns Format Contents
Card Format 1 2 -6 I5 Event No.
7 Il The number of ground

stations observing
during the event,

8 -9 12 Number of fictitious
Satellite images
{usually 7).

Card Format 2 2 -6 I5 Station No. of the
: first observing
ground station.

7 - 30 BA4 Name of ground station.
31 - 34 14 Plate No.
35 - 36 12 Number of usable
fictitious points.
Card Format 3 1~ 20 The upper-triangular
part of the variance-
21 - 40 covariance matrix.
4E20.13 There will be N(2N + 1)
41 - 60 terms in this matrix,
where N is the number
61 - 80 of fictitious satellite

images on the Plate,
Card Format 3 is re-
‘peated until all terms
‘have been read.

Card Format 4 1 -2 12 Satellite image No.

3 - 18 Fl6.9 Greenwich hour angle,
in radians.

19 - 34 F16.9 Declination, in radians.

Card Format & is repeated for each satellite image. Card
Formats 2, 3 and 4 are repeated for each additional set of
data in the event,

Figure 2.2, Card Formats for the Type II Data



Figure 2.3. A Two-station Event using the Type II Data

Figure 2.4. Single Station Observing Seven Satellite Positions



The generalized form of the linearized mathematical model is

AiXg + AgXg +BV +W = 0

where
[ 3F, OFy 9F;
3xg dyg ozg
3F2 3F2 3F2
IXg Vg 3z,
Al = )
3?1 BFl aFl
ax., 9dY¥ oz
R B |
A2 = -
BFZI 3F21 3F21

In the general case where the ranges. r

Bxsl 3ysl stl

b

o9F, 9F,  3F
Bhl 361 3r1
3Fy; Fy) BFp
oh, 88, %r,

~I
-1
-1
L (21x3)
oF, OF, ”1.—
Y7 s7 iy
oF,, OFy; ¥y
) dvie )
xs7 Ys7 357_
Si
3F, OF; 3F;
3hy; 38y  dry

- . -

oFp] 9Fp) 3F3;

Shy 387 Oty

nanat?

(2.

- 1] .

are also observed,

10

2-2)

(21x21)
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" In practice the above matrix has the following form:

3x3

3x3 0
Ix3

3x3
B= 0 3x3

3x3

3x3

f—

(21,21)

The vector V is the vector of observation residuals

a o]
hy - by
a [a]
§ -9
a [¢]
1’1 - 1'1
v = )
a [o]
h3 - b9
a (3]
53 - 49
I'a - I'o
|7 7]

where the superscript °

means observed and the superséript 4 means
adjusted, The approximate satellite positions are determined from the
ground station coordiﬁates; and the observations, The ranges can then
be calculated. The vector W 1is the discrepancy vector determined by
inserting the observations and the approximations to the parameters in
the mathematical model, Equation (2.2-1). The vectors X, and Xg are
the corrections to the ground stqtions and satellite positions, re-
spectively.

The reduced normal equations for a maximum of four co-observing
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stations, and the variation function, are formed as follows:

A1X] +AXg + ByVy + Wy = 0

AjXy + AxXg + BpVp + Wy = 0

A}Xy + AjXg + BaV3 + W3 =0 (2.2-3)
= 0,

-AIX4 + Azxs + BQV[‘ + W4
and

— 1 ¥ ] - L
¢ = VIP.V. + VPV, + VPV, + VB, V, 2K1(A1X1+A2XS+B

1Yy + VaFyVy + VaBsV, Vi + W)

1
- 2K3(AjX, + AjXg + ByVp + Wp) - 2K§(A1X3 + ApXg + B3Vy+ Ws)

- 2K (AKX, + AgXg + ByV, + W),

where
Vé_ = the transpose of the residual vector Vg
1 i
Kg_ = the vector of Lagrangian Multipliers
i
Pg = the weight matrix of the observations.

Taking the partial derivatives of the variation function with re-

spect to the V's, X;, Xy, X3, X; and Xg,

3 %%;1 =PV, - Bk, =0 —_— PilBiKl

L e co e e

2 %’%’5 = PV, - BK, =0 — = P5135K3

% 'g%Z = PyV, -~ BiK, =0 — V= PBLK, (@2
T " A =0
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1 3¢ -

ng—z —-Ail(z 0

L3 - Ak, =0

2 39X, 173

L3 . ag =0

2 3%, 14

13 - - o A? _ A? oAt = At =-
.2_,5_?(? = A5K1 AYK, - AJK, Aza AZ(K1+K2+K3+K&) 0.

At this point in the development there are 13 equations, namely (2.2-3)
and (2.2-4). Four of these equations can be eliminated by substituting
the first four equations of (2.2Z-4)} into (2.2-3). This results in

“lnt -
Alxl + Azxs + BlP1 B K, + Wl 0

A X, + AX. + B.PIBIK

1% t Axkg ¥ ByFy "Bk, + W, = 0

(2.2-5)

A X, +AX. + B,PIIB!K, + W

1X3 + ARg + ByPy Bk, + W, =0

-1o1 -
Alxﬁ + AZxS + BaPQ Baxﬁ +W4 Q.
The development has now been reduced to the above four equations plus

the last five in (2.2-4). Equations (2.2-5) can now be rearranged to

solve for the Lagrangian multipliers (K's) as follows:

o ¢m p-lury-l
Ky = -(BP7'B]) Y (A)X) + A%  + W)
K, = -(B.P;IB))"! (A.X. + A.X. + W,)
2 272 B2 172 T 8% T W

, , (2.2-6)
Ky = -(B3P3 By~ (A;X5 + AgXg + W3)

= - =lgry-1
K, (BQP4 BA) (Alxa + AZXS + 4)'
Before proceeding further, it is necessary to explain how Equations

(2.2-6) are actually solved. Looking specifically at the first equation

in{2.2-6), the B] matrix is dimensioned 21x21 but the variance-covariance
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matrix associated with the observations is l4xl4. When the B, matrix
was developed, the range rsi was considered as an observed quantity.
The P~! matrix refers only to the actpal observed quantities which are
the Greenwich hour angle (hi) and the declination (61). Therefore, the
P;l matrices in Equation (2.2-6) have to be changed. The easiest way

to explain this is to look only at that part of B; that corresponds to

observations on the first satellite position:

B 371 3F] |
ahl 361 Brl
3F 5 oF, aF, :

B, = | =—— =5 —— . (2.2-7)
.

oy 9% | o,
oF 4 oF 3F 5

“-Bhl 361 a?iJ

The matrix Pl {not P;l) would have to be

-1
& -
g G,
hy P11 BTy
P.o= 198 og 9g.r .
1 ) ] 1 021 1 (2.2-8)
LP1r1 Slrl rl-—

The range measurment is used in the algebraic derivation, but in the
numerical computations are obtained to a sufficient accuracy from the

observed quantities. Therefore, Equation (2.2-8) can be written as

W 7 !

%hy %, 8; 0

2
= |0
P = |%,6, %, 0

L..O 0 @
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which is
— 4 -
“ﬁ %hs 68

1 191 0

2

a [s]

= . 0 . 2,2-
P1 hlal 61 ( )

0 0 0
b -

The expression (BlPilBi)"1 can now be solved as follows:

(8;p718)" L = (8]) 71871 = (87l)'p;Bf! (2.2-10)
where P is defined by Equation (2.2-9).

The preceding description applies to the case of one satellite
position., For the seven satellite positions the dimension of the p-1

matrix is 14x14, and the P, matrix must be dimensioned 21x21. An inter-

1

mediate matrix W can be formed as follows:

K5 o o _--1- (= = 1 -
hl hlal A C hl&? wl,l wl’z . wl,l‘l‘
2
03,
E = . * -
2
o .
h7 . ,
Oh.§; ... °§ W14 V4,14
197 7 - ] LR 14
(2.2-11)
Now the 2ix21 version of Equation (2.2-9) will be '
= - - - - - -
Wil W2 O W5 Wi, 0 e Wiy W O
Woi Y22 O W4 Wy, O ... Wyq3 ¥y, O
0 0 0 o 0 o ... 0 0 )]
P1= . . . .
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W3] Wi3,2 0 Wi3z W34 0 ... Wi313 W34 O
W41 Wi4,2 O Wi43 Wig4 O ... VWi4,13 Wis,14 O
0 o .0 o0 0 0 ... O 0 0
- T(2.2-12)
With Py defined by Equation (2,2-12), the matrix M"! can be formed

using the techﬁiqﬁe shown in Equation (2.2-10), namely .
S . .1 ) -
Mll = (BlpllBi) = (Bll)'PlBll. (2.2-13)
Using this tol solve for the Lagrangian multipliers in Equations (2.2-6)

|
K, = M7l X, + A% + W)

= m~1
K Pffz (Alxz + AZXS + wz)

1 (2.2-14)
33 = -M3 (AIX3 + AZXS + WB)
Ky = 'Mil(A]_Xa + Aqxig + W4).

Substitution of these into the last five equations in (2.2-4) gives

-AlK, = A'M

1=1 =1 =
1X7 T AM A AN A AN, =0
il . vl o
_Al = ] [} =
Ak, = AMCAX, + A RA X+ ATMCIN, =0
<Al =AMl rv=lg iy 1 = -
ALKy = AIMITA X, + ATMGIA X + AIML, =0 (2.2-15)
-A = A'M-1A X, +AMIA X +A'Mlw, =0

]
15, = &M A X, + A MAKS + AM W,

and

y = asmola x, + armtlax + Al

At
Ay(Kp + Ky + Ky + K 2 ARy T AN ALK + ASMITH,

3 4

-1 =1 11
+ AZMZ AIXZ + A2M2 Azxs + AZMZ W2
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+a'M A x +amlax +amly
23 0173 T P2 Mats T P23 s

taa=1 =1 1y=1 = 0,
+ A X +A'MTW
A2H4 A1x4 + AZMZ 28 24
(2.2-16)

Writing the above in block notation results in the following equation:

_ e _
AfMTIa, 0 0 0 Ai“ilAz X} Aiﬂllwl
o amla o 0 Appla, i, AjMz 1,
: +
-1. . 11 >l
0 0 AMIAC 0 AMy7A, 1Ky AWl =0,
o 0 o AiM;IAl angla, 1x, Ai“ilwa
4 4
11 1y~ 1 11 -1 vu-1 v 1
AN Ay Ay Ay AQMyTAL AMUTAL D AIMIHA s 2 AMIW,
f (2.2-17)

Equation (2.2-17) is referred to as the conventional normal equation

for a four station event where the satellite position Xs is one of the
parameters, If only three stations were involved, thé fourth row and
fourth column would be deleted from Equation (2.2-17) and the summa-
tion‘in the last row would be one to three. Since the satellite.posi—
tion is of no interest, it is eliminated from the solution. This is
done by solving for Xg in terms bf the other parameters and sub-

stituting this into the remaining equations;

4 1
Xg = - [Z(A{MEI)A?]- {AflnilAlxl + A3M314.X, + ASM3LA X,
i=1

o, 4 . (2.2-18)
tag= -
+AasM7lA X, + }:l ALM; wi}.
1=

Insertion of Equation (2.2-18) into Equations (2.2-15} gives the re-

duced normal equation. Since the A, matrix is the identity matrix, the



equations can be simplified to

AjMlA X, - AjMyL [Z w71y IMg A X - A M"ILZ M ]y A X,
- AlM; [Z M"l] M'lAX Al [Z M; ]ln'la
4
- A! M‘l[z M;]'] Z (u_;lw )+A Milw, =0
Atmzla X - ATM) [E M"lj'lu"ln. X,- Al f_z M1y hepla x
- A M'l[z Mot et Xy Al [): M-I tax,
4
elq-l -1 .
- Al [Z 'l igl (Mi Wi)-I-AileWz =0
, | 4
ATM; A1X3 - AlMy [Ega Milj'lnilAlxl' [2; ] A1x2
-1 4 1
- A [i}; ;A x - apg! ): M1l ta x,
- armt & oyolq-l ~ {M‘lw \+ Al =
My [ M) DM AN, 20
i=1 i=1\ /
-1 -1 4 1 -1.-1
ASM ALK, - AIM, [i};l M MIAL X, [):1 M;l 1 hi;la X,

4 4
eSS o leleel -1 “lq-ly-1
AM, [3__"1 MiT]TTM3TA R, - AN, [1);1 M U] M, ALK,

18

(2.2-19)
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-AM'[Zullz

. +A'Mlw =0,
14 4
i=}

Combining terms in the above equations and writing in block notation,

the result is:

NX + U =
where
N 1 1o x
AIM A - ATMT ~la-1yel -A'M7L cla=1y-1 AtM-1 ~1q-1y-1 a1 -
1M1 A 11[?_:1"13-"1‘\1,5“ [}'_‘:u "2"'1;‘1"1[2,:1"1]“3“1;“'" [EHIJIMIA

-1 =1Ly~ - - - [
AT Al {): 1 hgla, A 1[2 w1t ;-AIH;EZ M)l Ly
i=] 1

N =
e, AP M, ; A S Wi,
1=
(same as above diagonal) - 4
Ay oyl ~ly-1,-1
14 M
| S ' [ig; 1 ] H4 .A‘IJ
and
R
1
X
X = 2
X3
X
L 4]




and
[ ancly, - ATl f: m it f: -y |
111 11 [._1 i ] =TS
4 A
sty - apsl{ 2 ) Lol
b= ancle, - Ay wlict sl
M3 Wy - AN M MW
i=1 i=1
sl - anclrs w3 oy
MW, AT M) X MW
i=1 i=1

2.3 The (Observation Equation Development

20

The basic generalized model given by Equation (2.1-3) can easily

be rearranged so that the adjusted values of the observed quantities

are a function of the parameters that result from the adjustment. The

rearranged model is

h

can”t (u)
Xg - Xg

- ' zZ, - Z
tan 1 ( S G

{(KS - xG)2 + G’S - YG)

2}15)

(2.3-1)

The expanded version of this model, to include all seven satellite

positions, 1is

vo -
/7’817
h, = tan P —

= X
*s, T *e
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z z

§, = tan ! ( 5, - ¢ )
' {(%s, - %2+ Uy - ¥e)?} %

(2.3-2)

-1 ys7 - ¥g
h7 = tan ———ee

O
]

s, -G
7 tannl( / L ) .
{(xs.}. - xg)z + (3757 - Yg) }

The observation equation form of the linearized mathematical model is

AKg t AKXy FL-V=0 (2.3-3)
where
™ shy  dhp 3hy
381 361 361
aXe BYG 3ZG
Al = .

dhy 3h; 3hg
?xg ¥a zg

367 287 03487
x ayG 3z
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r—r h—
sy o 9 3 dny dh
ox oy dz Ix a3y st

5, 81 % 5; 7% %
A2 - L]
38, 28, 96, o CLIE D L
ax ay 9z X ay oz
I T T 53 787 %)
- - 1
C o
h,© - hy
Cc [a]
S - 9
L =
[ s
h, - hy
C (8}
§ - &

The conventional normal equations for a four-station event is

[A,'2A, 0 0 0 Avea, ] X1 Tag'egn ]
0 Ay"PyAg 0 0 Ay'Pyp, | | X, A,'P,L,
0 0 As'PoAc 0 II!LS'PSAG Xy| + |Ag'PaLg | = 0
0 0 0 ARAL ARALL X A'RL,
Ap'PiAy  ALPoA,  Ag'PiAg  Ag'Pudy N | [Xs] U

(2.3-4)
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where

N=Ay'P1Ay + A,'PoA, + Ag'PyAg + Ag'PiA,
and

= 1 v ' '

U A2 PL; + AA P2L2 + A6 P3L3 + AB PALQ'
As with the generalized case, the satellite position XS is &4 nuisance
parameter and should be eliminated from the equations. From Equation
(2.3-4),

- -1 1 ] L '
XS N. (AZ PIAIXI + A4 PZA3X2 + A6 P3A5X3 + AB P4A7X4

'I' (] ] ¥
+ A, PlLl + A4 P,L, + Aﬁ P3L3 + A8 P4L4). (2.3-5)

Substituting Equation {2.3-5) into Equation (2.3-4} and writing in

block notation,

1

oW R TN -m Wty u o+ illr'(uzwﬁmows)
Ny - Nyl Ny - Wy W] U, + ia"’i("z*"x.’"s*"s)
Ky - w! [ Uy + isn"(uzm&wﬁws) "o
Aaws 45 above disgonal ¥, - _7 B v, + 'ﬁ,l"l(uzw,‘-o-us-ma)
(2.3-6)
where
Ny = A)'P1a; N3 = A3'Pya; N5 = A5'P3Ag N7 = A;'PAg
Ny = Az'P1A; Ny = A4'Paby, Ng = Ag'P3hg Ng = Ag'PyAg
— U I | J—
Ny = Ap'PiAg N3 = A,'Poa, Ng = Ag'PsAq Ny = Ag'Psh;
Uy = A1'P1L) U3 = A3'P2L2 Us = A5'P3L3 Uz = A7" P41y
Uy = Ay'PL; U = A4'Poly - Ug = Ag'P3ly Ug = Ag'Byly,



2.4 Formation of the Normal Equations

The normal equations described in Sections 2.2 and 2,3 were de-
veloped in order that the reduced normal equation N could be separated
int013x3 blocks, and the discyrepancy vector U could be separated into
3x1 Eolumns. The computer program to solve normal equations in this
form had been developed several years ago. This adjustment program,
called OSUGOP, can add different sets of normal equaﬁions, and apply
constraints by using a sophisticated constraint package. The program
is described in detail in [Reilly, Schwarz and Whiting, 1973].

The logic used in developing the computer program to form reduced
normal equations was as follows:

1. The observational data should be read directly from a
magnetic tape.
2. The program should be such that the only card input
would be the station coordinates and datum information.
3. The program output should be the reduced normal matrix,
in 3x3 blocks, plus the d13crepaﬁcy vector, both punched
on data cards so that this deck of cards can be input
into the existing adjustmént program.
The computer program that was developed satisfied all three of the
above requirements. The normal equations were formed using each of
the seventeen magnetic tapes on which the Type II data was stored,
separately, so that there would be seventeen sets of normal equations
to add together for the adjustment.

The one difficulty with forming the normal equations as described
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above was the calculation of the residuals (v's) of the observations
after adjustment, necessary to determine the V'PV. The technique used
to compute this quantity is discussed below. A brief description of
the computer program is also included.

2.4.1 Calculation of V'PV

As mentioned above, the determination of V'PV is essential in
order to obtain the variance-covariance matrix of the parameters after
the adjustment. When the reduced normal equations are formed using
the methods discussed in this investigation, it is difficult to sub-
stitute the original observed quantities back into the linearized
mathematical model, like Equa£ions (2.2-2) or (2.3-3), to arrive at
the residual vector V. Although it is not possible to get the in-
dividual residuals, v, the total V'PV can be calculated.

The complete derivafion of V'PV, using the reduced normal equatioms,
is given in [Krakiwsky and Pope, 1967, PES 73-771. The equation for

V'PV, using the notation of this report, is

_ S T ) N ~1.-1 -1 - %'y
vy = 3 (WG Wy- Efeg et 2T )] - X
(2.4.1-1)
for the generalized least squares development, and for the method of

observation Equations

) : -1 -1,y 1 a7l - xtw.
v'eY = E(LPL) + E [(AZ;Pi L3¢ ZAZiP1 Azi) (Azi X i)J
(2.4.1-2)

The first term in the above equations is the contribution from the

- ground stations. The second term is the contribution from the satellite
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positions. The third term requires the X vector, and this can be cal-
culated only after the adjustment is completed. Therefore, the proce-
dure used in this investigation waé to separately sum the first and
second terms during the formation of normal equations for each magnetic
tape of data. This number was then punched onto a data card.1 After
all normal equations have been formed, this number is added to that of
the other magnetic tapes and the adjustment is performed to obtain the
X vector. V'PV is then calculated.

2.4.2 Computer Program to form Reduced Normal Equations

The complete description of the computer programs developed during
this investigation would be a volume in itself. Therefore, this section
will be limited to an explanation of the output of the programs, and
the techniques used to analyze the results. A complete listing of the
.programs developed are given in the Appendix.

Basically, there were two programs developed. The first program
formed reduced normal equations using the generalized least squares
model described in Section 2.2. The second program also formed reduced
normal equations, but here the method of observation equation described
in Section 2.3 was used. The printed output from each of these programs
is identical. Each program was written to read the observational data

directly from the magnetic tapes, form the reduced normal equations in

'a1s0 punched on the same card was the number of observations minus
three times the number of satellite positions that were eliminated
during the formation of the reduced normal equations. This number will
be needed in order to calculate the degrees of freedom.
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biocks, and then punched onto cards in a format such that the normal
equations could be processed directly by the existing OSUGOP adjustment
program. The additional printed information will be discussed here.

One of the requirements of this investigation was the comparison
of results between correlated and uncorrelated observations. The choice
of using either can be made by changing only one number on a control
card used with the program, If full correlation is used, the program
gives the option of computing and printing the matrix of correlation
coefficients of the given variance-covariance matrix associated with
each station in each event, this option.élso being exercised by changing
only one number on the control card., If the matrix of correlation co-
efficients is printed, it will appear as iﬁ Figure 2.5.

An important part of the normal equation program output is the
event adjustment. This is the adjustment for each satellite position
prior to the formation of normal equations. The satellite position is
computed from the given observations and the approximate coordinates of
the camera stations. An example of the printed output, after an event
adjustment, is shown in Figure 2.6. This shows the event to be number 0
of this particular run, and the event number given by the National
Geodetic Survey as 6346. There are.seven satellite positions in the
event, and the computed coordinates of the satellite positions are
given both as X, ¥, Z, and ¢, A, h. The numbers 19, 20, and 43 on
the left side of this figure are the station numbers of the three
stations observing this event. On the same line as each station are
the observations, which are the Greeanwich hour angle and declination,

‘expressed in radians. The last number on each line is similar to a
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TEST DISTANCE = 200.00 SECONDS DF ARC
EVENT [+] 636

19 1,7160276 =l 44B42R4

20 0. 7166793 =0.444015%

43 1.5084081 =0.,0442105
SATELLITE POSITION 17003564201 84K 1609, 430 ~5289410.,721
GEQD. CODHOD. OF SATELLITE ~30,425892 260.837718 4103737.7

RMS MISCLOSURE IN METERS= 15.3

19 le 72206223 =0 a94bThé

20 0,7683539 =0,4795793

43 1.5105150 ~-0.0813797
SATELLITE POSITION 1684787482 ~a808501.308 ~54B031B.584
GEQD. COORD. OF SATELLLITE =31.532332 280.8280%0 4137764 46

RMS MISCLOSURE IN METERS= 1544

19 1.7296B15 =0.539299%

20 0.7593536 =0.5145451

43 1.5126964 =0.1190654
SATELLITE POSITION 164008956,258 =8731807.937 -5669136.004
GEQD. CONORD. OF SATELLITE =32.631420 280.820732 41717068.8

RMS MISCLOSURE IN METERS= 2la4

19 1.7372069 ~0.5832296

20 O« 7496437 =-0,54%0213

43 1.5149%82 =0,15723%8
SATELLITE POSITION 1652B89,.487 -865%178%.291 ~5B5%803,364
GEQOD. CDORD, OF SATELLITE =33,723202 250 .815603 4205549.3

RMS MISCLOSURE 1IN METERDS: 17.8

19 Lo 7652529 =0.626400%

20 0.7391R78 ~0.582819%

43 1.5172969 =-0.195%8751
SATELLITE POSITION 1436605004 ~8568488.152 ~6060267.776
Ge00. COUORD. OF SATELLITE ~34, 807779 280.8134146 4239267.2

RMS MISCLOSURE IN METERS= D2

19 1.7538638 =0.6687612

20 0,7279468 =0.6159933

43 1.5197225 ~0,2349440
SATELLITE POSITION 1620133.482 -8481982,864 -6222503. 264
GEOD. COORD. OF SATELLITE ~35.885311 280813744 42728683

RMS MISCLOSUKE IN METERS=x 20.7

19 1.7630827 =0.7102609

20 0. 7158776 =0.6483680

43 1.5222375 “N.2T43969
SATELLITE POSTITICN 1603504 .618 ~839232%.907 ~0h02427,4271
GEOD., COORD. OF SATELLITE ~34.955733 280.817013 43063174

RMS MISCLOSURE IN METERS= 17.9

NEW VPV  0.48%393784B950+02
NEW VFV  0.6180234080470+05
NEW VPV  0.48212] 19464690+02
WPW CONTRIBUTION FROM SATELLITE POSITIONS 0,61775862838260+05

. Figure 2.6. Printed Output after an Event Adjustment
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residual, and used by the analyst as an indicator of the least squares
fit. This is described in [Reilly, Schwarz and Whiting, 1973). The
most meaningful numbers in tﬁe event adjustment are the last lines
labeled 'NEW VPV' and 'WPW CONTRIBUTION FROM SATELLITE POSITIONS.'
In this particular example, there are three different values of 'NEW
VPV,' one for each of the three obéerving stations, The sum of these
three numbers is the first term in Equation (2.4.1-1). The number de-
.nOCed ‘WP CONTRIBUTION FROM SATELLITE POSITIONS' is the second term in
Equation (2.4.1-1). The sum of the 'NEW VEV' of each observing station,
minus the 'WPW CONTRIBUTION FROM SATELLITE POSITIONS' must be a positive
number. Each of the "NEW VPV' numbers must also be positive numbers.
If either of these are not positive the observational information is
not useable. This will be discussed later with specific examples.

The remaining output from the formation of normal equations pro-
gram is identical to that described in the OSUGOP report [Reilly,

Schwarz and Whiting, 1973].



3. DATA

The Type II data used for this investigation was the result of a
polynomial fit to the satellite images.on the BC-4 camera plates. The
order of the polynomial was six for almost every pla;e. In most cases
this turned out to be a very good polynomial fit with very low correla-
tion between the different coefficients. However, there were many
pelynomials where the correlation between the observaticﬁs-was so high
that it was impossible to use the variance-covariance matrix of the
observed quantities when using double precision arithmetic,

The Type II data is a second generation of the observed quantities
not used by the National Geodetic Survey. The data used by the Nation#l
Geodetic Survey are the x,y plate coordinates of the satellite images.
The polynomial fit is not made to the satellite's path in space, but to
the x and y coordinates of the satellite images on the camera plate
where the x-axis is in the general direction of the satellite's trail
[Bush, 1973 .

Extensive studies were carried out by the National Geo&étic Survey
to determine what form of mathematical curve should be used to represent
the satellite path. It was decided that a fifth-order polynomial was.
the optimum form, In forming this polynomial, all measured points were
rotated to a coordinate system in which the x-axis is defined-by the two
end points of the satellite trail. The center image of the satellite

trail became the zero-point of the time dimension. The mathematical

31
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model was the two polynomials

X =a, + a

4 5
o 1t a2t2 + a3t3 + a,th + agt

(3-1)

2 3 4 5
y = by + byt + bye? + bytd + byth + be

where t is the difference in time between the image time and the time
of the center image. Normal equations were formed, and a solution was
made for the coefficients of the polynomial. Using the computed co-

efficients, the peolynomial was evaluated at each satellite image point

by Equation (3-1), and the residuals in x and y were computed by

vx=x - X
v = C_
y y y

where x and y are the original rotated coordinates, and x¢ and y© are

computed, The mean ervors for a fifth-order polynomial are

5
Sc - vaz
* N - 6
' %
s;=( Evzz_)
N - 6

s - x®y Ivy2 ) *
\ 28 -0 )

where N is the number of satellite images used to form the polynomials,
and the superscript © means curve fit, These give a measure of the
trails lack of adherence to a smooth curve, the x in the direction of
motion, and the y perpendicular to it, As a residual check, a criterien

was established that any residual greater than 20 um must represent an
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erroneous point, If any such points were present, they were eliminated
and the solution repeated,

The correlation present in the Type 1T data came about during
the process of propagating from the x,y coordinates of the polynomials
to the Greenwich hour angle and declination.

At the completion of the worldwide network observation program,
3672 successful plates were bbserved on 1702 successful events, com-
posed of 1449 two-station, 238 three-station, and 15 four-station events
[Schmid, 1972]. An event in this case is defined as two or more ground
stations observing a satellite during the same time span. Approximately
two-thirds of these events were transformed into the Type I and Type Il
data, The data sent to the Space Science Data Center consisted of 903
two-station, 216 three-station, and 15 four-station events. Observa-
tions were from 49 different ground stations.

The Type II data contained approximately 35,000 observations. Each
event was recorded as a separate file on a 7-track magnetic tape,
utilizing seventeen tapes in all. Table 3.1 is a listing of these
magnetic tapes, showing the tape number given by National Geodetic
Survey, the total number of events on each tape, and the number of two-,
three-, and four-station events.

3.1 The Conditioning of the Variance-Covariance Matrix of the
Observations

When an analyst uses the expression that a matrix is ill-condi-
tioned, it may mean one thing to one person and something else to another

When stating that & matrix is ill-conditioned, it must be specified
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TABLE 3.1
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Number of Events on each Tape

No. of 4
No. of 2 No., of 3 Station
Tape No. Total No. Station Events | Station Events Events

7 87 73 12 2
8 90 76 13 1
15 90 70 17 3
16 g0 70 20 -
20 90 74 14 2
24 90 62 25 3
28 90 68 20 2
32 89 71 17 1
34 30 19 11 -
36 29 22 7 -
39 60 40 20 -
41 30 28 2 -
44 60 55 5 -
46 30 26 4 -
49 60 47 13 -
52 60 50 9 1
55 59 52 7 -
Total 1134 903 216 15
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in what operation the ill-conditioning is present. A matrix can be
ill-conditioned when it is necessary to get an inverse, or to get its
eigenvalues or eigenvectors, but it cannot be said that ill-conditioning
with reépect to one operation will also be ill-conditioned with respect
to any other operation. An illustration is a matrix that has all of
its eigenvalues close together, i.e., kmax//&minﬂ 1. A matrix such
as this is well-conditioned for inverting matrices but ill-conditioned
for determining eigenvalues.

As might be expected, there are varying degrees of ill-conditioning.
A matrix can be referred to as well-conditioned, ill-conditioned, very
ill-conditioned, or singular. Much has been written on this particular
gopic, and there are many different tests that can be used to determine
the degree of ill-conditioning. One of the indicators is the ratio
of the maximum and minimum eigenvalues. In the literature this is
referred to by several differenﬁ names, the two most'common being the
P-Number and the Spectral Norm [Ralston, 1965, pg 417]. Once a matrix
has beeﬁ classified as ill-conﬁitioned, everfthing that this matrix is
associated with also becomes poorly-detarmined. This can be illustrated
using the mathematical development for the generalized least squares
model in Chapter 2. Assume that four ground stations (1, 2, 3, 4) are
involved in one event. The variance-covariance matrix of the observa;
tions associated with Station 1 is very highly correlated, and the
variance-covariance matrices of the observations associated with the
remaining three stations have very iow correlation. Since P1'1 is

ill-conditioned, the matrix
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-1 ~lpiy-1
M, ()P, "B

will not be well-determined, even though the matrix B, is well-con-
1

ditioned., Also, the expression W‘lul' W will result in & very large

number due to the ill-conditioning of Ml'l. In addition to this, the

matrix
-1

4
M-l o= ZMil
will not be well-determined. All of these expressions are necessary in
the development of the reduced normal equations necessary to perform
a station adjustment.
The above illustration is typical of many of the Type II events.
An example of a very ill-conditioned variance-covariance matrix is one

that would have & matrix of correlation coefficients as follows:

h
TR By 3 8 4 3, by 35 6 3 By 37

hy 1.00 0.00 0.97 0.01 0.92 003 0,86 0.04 0.78 0.05 0.70 0.06 0.63 0.03

82 b

31 L.00 -0.02 0.96 -0.03 0.85 -0.05 0.64 -0.06 0.35 -0.06 0.10 -0.06 -0.0b

h, 1.00 0.00 0.98 0.02 0.93 0.04 0.8 0.06 0.75 0.06 0.66 0.04
1.00 -0.01 0.96 -0.02 0.7% -0.03 0.51 -0.04 0.23 -0.04 0.05
h 1.00 ©0.02 0,98 0.04 0.92 0.06 0,8 0.07 0.7L 0.06
1.0o  0.01 0.93 0.00 0.71 -0.01 ©.44 -0.01 0.25

h 1.00  0.04 0.97 0.07

o
0
(=4

¢.08 0.80 0.07

¥, 1.00 0.64 0,917 0.03 0.72 0.02 ). 56

0

1.00 0.07 0.97 0.08 0.90 0.08
3, 1.00 0.07 0.9 0.08 0.82
h 1.00 0.08 0.97 0.08
3y 1.00 0.07 0.%

h; .00 0.07

2y 1.00
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As can be seen, the highest correlation is in the second diagonal row
paralle]l to the main diagonal of the matrix. This means that b, and hjy
are highly‘correlated, as is h2 and h3, h3 and h,, 61 and 65, ete. As
cne moves further away from the diagonal the correlation decreases, In
most cases the decrease is gradual. It should also be noted from this
matrix of correlation coefficients that there is very little correla-
tion between the Greenwich hour angles and the declinations. This is
not always the case, but when correlation does exist it is low compared
to the correlation between like observations.

3.1.1 The Use of Correlated Observations in an Adjustment

Due to the very high correlation of the variance-covariance matrix
associated with some of the observations, it became necessary to deter-
mine which data was highly correlated, and determine a way to use the
data. The indicator first used in this investigation to determine the
conditioning was the P-Number, or Spectrai Norm; This number is a
good indicator of high correlation; the sﬁaller the number, the better
the conditioning.

It was found that the P-Number of the variance-covariance matrices
varied from 1 to 1010. The question then becomes "what is the largest
value of the P-Number that can be accepted before the conditioning of
the matrix is so poor that it can affect the results of an adjustment?"

At this point in the investigation it was noted that the magnitude
of the P-Number was just one or two orders of magnitude larger than

WM W or L'PL. A few examples of this are shown here:
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W' lw, or LP-IL P-Numiber
315 x 108 .161 x 1010
.183 x 10° .306 x 108
.178 x 104 .267 x 10°
.220 x 104 .523 x 10°
.262 x 10° .831 x 10°
.270 x 10% 591 x 10°

As was mentioned in Section 3,1, the examination of the matrix of
correlat ion coefficients of any P°l matrix shows the highest correlation
to be between successive images. With a little practice, the con-
ditioning of the matrix can be determined with a fair degree of accuracy
by just looking at the matrix of correlation COefficients. To illustrate
this, seven different P-l matrices were selected where the value of
W'M-ly varied from about 10 to 1010, The matrix of correlation co-
efficients for each of these is given in Tables 3.2 through 3.8. Each
of these tables will be discussed separately.

Table 3,2 illustrates a very well-conditioaed matrix. The value
of W'M W was 10. The second diagonal row parallel to the main
diagonal has the highest correlation, but (.58 is the largest correlation
coefficient.

Table 3.3 is an example where the value of WMy is approximately‘
4000. As can be seen, the correlation between successive like-observa-
ticns varies from 0.72 to 0.91. There is essentially no correlation
between the Greenwich hour angles and-the declinations.

Table 3.4 is given here mainly to be compared with Table 3.3, In



TABLE 3.2

MATRIX OF CORRELATION COEFFICIENTS FOR EVENT #3538,
STATION 2, ON TAPE 24

1.00 -0.25 .22
1.00 -0.03
1.00

-0.10

0.18

-0.31

1.00

0.24

0.06

0.50

-0.16
1.00

-0.10
0.08
-0.24

0.55

-0.34
1.00

0.13

0.05

0.08

0.05

0.43

-0.04
1.00

-0.

.03

.09

.17
.14

.58
.19

.00

.11
.02
.13

.10

.00

.14
.45
.08

.00

-0.14

0.09

-0.01

0.09

0.09

0.06
-0.12

0.54

-0.31
1.00

.10

.01

.11

.01

.19
.03
.15
.08
.43
.16
.00

.09
.07
01

.04

.03

.12
.00

.18

.47
.27
.00

.06

.00

.14

.07

.08

11
.02

.08
.31
.07
.04
.02
.00

.03
.03
.06

.12

.02

0.06
0.06

.03

.00
.20
.02
.06

.19
.00

wnly = 10

6t



TABLE 3.3

MATRIX OF CORRELATION COEFFICIENTS FOR EVENT #4682,

STATION 23, ON TAPE 7

1.00

6.07
1.00

0.79
0.02
1.00

0.04

0.72
0.08
1.00

0.63

0.01
0.89
0.09
1.00

0.05
0.54
0.10
0.87
0.13
1.00

.58

.01
.66
.08
.88
.12
.00

o o 0 0 o O

.05
A7
.09
.50
.12
.80

.00

13

- O O O 0 0 o O O

.55

.01
.58
.06
.73
.10
.91
.12

.00

- O O O © o O o O o

.03

.41
.05
.30
.07
.49

.09
.84
.09

.00

- o O @ o o o OO0 O o O

b
L0i
.58
.05
.60
.07
.66
.08
.88

.07
.00

.02

.32
.02
.33
.02
.35
.03

.53

o O o O O O O o

0.85
0.04

1.00

0.01
.48
. 04

.05
.57
.05
.66
.03
.83
.02
.00

_ o 0 o O O o o o 0 O

.55

.00

31
.00
.37
.00
43

.01
A7
.00
.57
.00
.78

.00
.00

WM ly = 4000

oy



TABLE 3.4

MATRIX OF CORRELATION COEFFICIENTS FOR EVENT #2661,
STATION 11, ON TAPE 7

1.00 0.24 0.66 0.16 0.33 0.05 0.15 -0.04 0.13 -0.10 0.16 -0.11 0.12 -0.11
1.00 0.17 0.67 0.05 0.31 -0.05 0.05 -0.09 -0.01 -0.08 0.02 -0.06 0.03
1.00 0.3z 0.82 0.26 0.42 0.04 0.19 -0.14 0.17 -0.19 0.20 -0.17
1.00 0.29 0.80 0.12 0.24 0.04 -0.11 -0.08 -0.10 -0.03 0.04
1.00 0.35 0.83 0.18 0.51 -0.06 0.20 -0.18 0.10 -~0.19
1.00 0.29 0.72 0.13 0.23 -0.03 -0.07 -0.06 -0.06
1,00 0.29 0.8 0.12 0.40 -0.06 0.10 -0.15
1.00 0.29 0.77 0.14 0.27 0.00 -0.00
1.00 0,29 0.77 0.14 0.38 -0.03
1,00 0.32 0.77 0.:9 0.37
1.00 0.34 0.8 0.17
1.00 0.34 0.80
1.00 0.33
1.00

w'm W = 70,000

%
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Table 3.4 the correlation between successive like-observations is less
than in Table 3.3, but the value of WM~y is higher, namely 70,000.
The difference is that in Table 3.4 the correlation between the Greenwich
houf angles and declinations has increased. If every other image is
eliminated and only images 1-3-5-7 are used, the value of WMl is 20.

Table 3.5 is an example with a W'M™1W of 400,000. The second
diagonal row shows the correlation to vary from 0.78 to 0.89, along
with some correlation between the Greenwich hour angles and declinations.
1f every other image is eliminated, the resulting wiM-ly is 300,

Table 3.6 is an example with a W°M°1W of 2,500,000. The reason for
such a large value is not at all obvious. The second diagonal row has
lower correlation coefficients than Table 3.5, but the correlation be-
tween the Greenwich hour angles and declinations is higher. The cor-
relation matrix for images 1-3-5-7 has & W' lw of 300.

Table 3.7 is one of the very bad matrices. The value of WMl
is approximately 14,000,000. The reason for this is obvious; the cor-
relations in the second diagonal row are all greater tham 0.9. The
correlations in the fourth diagonal row, as well as the sixth diagonal
row are higher than the other matrices examined. The correlation be-
tween the Greenwich hour angle and declination is essentially non-
existent. This lack of correlation between the Greenwich hour angle
and declination caused the W'M W for the 1-3-5-7 image matrix to drop
to 21.4,

Table 3.8 is an example of one of the worst matrices in the world

network data. The lowest correlation in the second diagonal row is



TABLE 3.5

MATRIX OF CORRELATION COEFFLCIENTS FOR EVENT #7765,
STATION 69, ON TAPE 7

1.00 -0.18 0.86 -0.14 0.54 -0.01 0.26 0.11 0.20 0.18 0.28 0.15 0.33 0.07
1.00 -0.20 0.8 -0.16 0.41 -0.09 -0.02 -0.04 =-0.15 -0.01 -0.05 0.01 0.08
1.00 -0.19 0.85 -0.08 0.56 0.08 0.35 0.18 0.26 0.17 0.25 0.07
1.00 -0.17 0.76 -0.11 0.31 -0.04 0.00 0.01 -0.07 0.03 0.0l
1.00 -0.10 0.89 0.03 0.65 0.12 0.30 0.14 0.11 0.06
1.00 -0.09 0.81 -0.04 0.45 0,01 0.09 0.05 -0.07
1.00 -0.02 0.88 0.04 0.47 0.06 0.14 0.0l
1.00 -0.03 0.8 -0.01 0.42 0.03 0.07
1.00 -0.02 0.80 -0.03 0.45 -0.05
1.00 -0.04 0.81 -0.01 O0.44
1.00 -0.09 0.85 -0.11
1.00 -0.08 0.84
1.00 -0.12
1.00
w'M ly = 400,000

|4



TABLE 3.6

MATRIX OF CORRELATION COEFFICIENTS FOR EVENT #7137,

STATION 19, ON TAPE 7

1.00

-0.04
1.00

0.77
-0.12

1.00

0.07
0.80

-0.05
1.00

0.32
-0.07

0.76

-0.11
1.00

0.0%
0.41

0.09
0.77
0.01
1.00

.02
.04

.27
.04
76
.07
.00

o o o o o O O

.04
.16

.11
41
.15
.84
.06
.00

.08
.04

.01
.06
.14
.02
.66
.05
.00

P‘OOOOOOOOO.

.03
.21

.04
.24
.11
Ak
.16
T7

.08
.00

.00
.07

.15
.03
.21
.05
14
.04
.78

.06
.00

oo o o

o

e == N =~ B - S v B o

11
.26
.00
22
.04
.15
.02
L34
.19

.80
.08

.00

-0,02
-0.06
-0.05
-0.07
-0.09
-0.04
-0.04
-0.05

0.23

-0.09
0.61

-0.07
1.00

0.05
~0.1a
0.03
0.18
-0.02
0.15
0.00
0.1&4
0.10

0.32
0.13

0.65
0.04
1.00

W'M-lw = 2,500,000

7%



TABLE 3.7

MATRIX OF CORRELATION COEFFICIENTS FOR EVENT #4887,
STATION 60, ON TAPE 24

1.00

-0.00
1.00

0.97
-0.02
1,00

0.01
0.96
0.00
1.00

0.92
-0.03
0.98
-0.01
1.00

0.03
0.85
0.02
0.96
0.02
1.00

.86
.05
.93
.02
.98
.01
.00

= o O <o © O o ©

.04
.64
.04
.79
.04
.93
.04
.00

.78
.06
.85
.03
.92
.00
.97
.04
.00

= 0O 0 0 0 o Q O O O

.05
.35
.06
.51
.06
.71
.07
.91
.07
.00

.70
.06
.75
. 04
.81
.01
.90
.03
.97

.07
.00

- o o O o © O o o o o O

.04
.10
.06
.23
.07
b
.08
.72
.08
.94
.08
.00

0.63
-0.06
0.66
-0.04
0.71
-0.01
0.80
0.02

0.90
0.06
0.97
0.07

1.00

]
o O

- o 0O o 0O o O O O o O O

.03
.04
.04
.05
.06
.25
.07
.54

.08
.82
.08
.96

.07
.00

WM~ W = 14,000,000

oy



TABLE 3.8

MATRIX OF CORRELATION. COEFFICIENTS FOR EVENT #4590,
STATION 12, OR TAPE 24

1.00

-0.02
1.00

0.98
-0.02
1.00

-0.02
0.97
-0.02
1.00

0.93
-0.02
0.98
-0.02

1.00

-0.03 0.86 -0.03
0.87 -0.03 0.71
-0.02 0.94 -0.03
0.97 -0.03 0.86
-0.03 0.98 -0.03
1.00 -0.03 0.96
1.00 -0,03

1.00

.78
.03
.87
.03
.94
.03
.98
.04
.00

.04
.48
.04
.66
.04
.82
04
.95
.04
.00

.68
.04
.17
.04
.85
.04
.92
.04
.98
.04

.00

.05
.22
.04
.40
.04
.60
.04
.79
.04
.94
.04
.00

0.57
-0.04
0.65
-0.04
0.74
-0.04
0.82
~0.04
0.21
-0.04
0.98
-0.03
1.00

.05
.03
.05
.13
.04
.33
.04
.56
.04
.79
.03
.95
.03
.00

Ww'Mlw = 6,700,000,000

9%
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0.91 and the highest ¢.98. However, there are six 0.98 values. The
WM LW for this matrix is 6,700,000,000. As in Table 3.7, the correla-
tion between the Greemwich hour angles and declinations is nonexistent.
By eliminating every other image, the very high correlation in the
second diagonal row is eliminated, with 100 as the wnlw for images
1-3-5-7,

The seven different matrices described above are typical examples
of the actual data. To give an indication of how much data falls into
each of the different categories of conditioning, two different subsets
of the data were tested. This data was the observations on tape #44 and
tape #52, a total of 120 events. For each event the value of W'M-lW
for each station was abstracted and tabulated. These numbers were

grouped together as follows:

Group No.
0 wrly < 1
1 1 <wWw'Mly < 19
2 10 <wuly < 100
3 100 < wMly < 103
&
5
6
7
8
9 .
10 10° < wnly < 100

11 1010 < wiply
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The results are shown in the form of a histogram in Figures 3.1 and
3.2. 1In Figure 3.1, 25 of the 116 plates has a WMy greater than
10,000, which is 21.5%. In Figuxe 3.2 the amount is 24 out of the 129
plates for a total of 18.6%. If the number 10,000 were used as the
cutoff point bgtween acceptable and unacceptable data, approximately
20% of all plates would be rejected. 1f each of the rejected plates
were part of a two-station event, these events would account for a total
rejection factor of 40% of all data. If the rejection number were
raised to 100,000 the percentage of plates rejected would be 11.2% anq
10.8% for the two tapes..

Rather than select an arbitrary value of W'M W for a rejection
criteria, gno:her approach to the problem would be to use évery other
image (i.e., 1-3-5-7 or 2-4-6) in an event if the W'M 1w value in that
event is extremely large. Using the same two data subsets, tape #4d
and tape #52, the value of W'M-lW was computed for each station using,
f[irst, only observations to images 1-3-5-7, and secondly, observations

1y was abstracted and

to images 2-4-6. As before, each value of W'M"
tabulated in the form of & histogram. These are shown in Figures 3.3
through 3.6. The value of W'M“lw, in all cases, was less than 1x10°.

As was anticipated, the elimination of the polynomial endpoints by

using images 2-4-6 did give better results, but not significantly better.
The decrease in the W'M™ 1w by using images 2-4-6 is compensated by

more observations and better geometry when using images 1-3-5-7.

3.1,2 Rearranging the Order of the Observed Quantities

it was shown in Section 3.1.1 that the rejection of observations

on every other satellite image greatly improved the conditioning. This
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was done using satellite images 1-3-5-7 and satellite images 2-4-6.
Although it is not a recommended practice, it is possible to get a

solution using the above two sets of data simultaneously, i,e.,

-

St

P! for Images

1-3-5-7
(3.1.2-1)

-1
P™" for Images
0

2-4-6

(14x14)

This is the case where the observations to all seven satellite images
are used, but the correlation between successive images is neglected,
Suppose that instead of the Null matrices in the upper right and

1 matrix above, the actual values are

lower left portions of the P~
inserted. In other words, the P'1 matrix will be 14x14 and full, the
only change being the order of the observaﬁions. In experimenting with
many different matrices and many different arrangements of observations,
the results after the rearrangements were always the same as before.

If the correlation between successive images was eliminated, as shown

in Equation 3.1.2-1, the results would always be well-conditioned.

However, once these off-diagonal elements were inserted, regardless of

the order of the observations, the ill-conditioning would return.
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3.1.3 The Diagonalization of a Matrix

There is a theorem in the matrix theory, called an existance

theorem, which is the following [Hohn, 1966, pg 296 ]:

If A is Hermitian, there exists a unitary matrix

U such that U*AU is a diagonal matrix Whosi

ggzﬁo:aé[ilemints areltﬁe eigenvalues of A™:

P2 "2y .- hple

In this theorem, the superscript * means Hermitian. The matrix A is
called Hermitiasn if A=A' where A' is the transpose of the complex cou-
jugate., If the elements of A are real, A'=A¥ 5o that the property of
being real and symmetric is a special case of the property of being
Hermitian.

The matrix P'l, being a matrix of real numbers and symmetric, is
Hermitian. This theorem can be applied by defining D as a diagonal
matrix where the diagonal elements are the eigenvalues of the P-1
matrix and the unitary matrix U is made up of the eigenvectors of the
P"1 matrix. The U matrix is also symmetric. The theorem, in this case,
is

1

UP™"U = D. (3.1.3-1)

This can be rearranged as follows:

p-l = g-lpy-t (3.1.3-2)
and

p=wly (3.1.3-3)
Equation (3.1.3-3) can be substituted in place of the weight matrix in
the mathematical formulation described in Chapter 2,

Tests were performed using Equation (3.1.3-3) in place of the weight
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matrix, and the conclusions weré that this method will improve the re-
sults when used ﬁith_data that is very highly correlated. It is not a
fool-proof method, however, since there are several matrices where it
was very difficult to compute the eigénvalues.

3.2 Preliminary Numerical Results

After the completion of all the preliminary experiments described
in Section 3.1, the next step was to perform an adjustment. Many dif-
ferent adjustments were necessary to answer the questions raised ear—
lier in this investigation. To recapitulate, thege questions were:

1. 'Is there a difference in the solution when using generalized
least squares, as opposed to the method of observation
equations?

2. How much correlation can be toleréted before the solution
begins to weaken?

3. What is the difference in the results when the same data is
used with and without correlation?

4. Is there any data that is unusable?

The formation of normal equations for the entire worldwide network is

a very expensive as well as time consuming task. It was decided that
it is not necessary to use the entire network to answer the questions
listed above. The Type II data from the original seventeen tapes was
organized into four separate geographic areas, with the data copied
onto four other magnetic tapes. One of these areas is North and South
America, shown in Figure 3.7. Thére are 237 events in this sub-network,
which is considered sufficient to perform the necessary experiments,

3.2.1 The North and South Ameripa Sub-network




Figure 3.7.

The North and South American Network
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Of the 237 events in the North and South American network, 187
werce well-conditioned (the value of W'M—IW was less than 10,000). The
remaining 50 events were highly correlated. For the first series of
experiments, all observations from the 187 good events and observations
on images 1-3-5-7 from the 50 ill-conditioned events were used. This
data was used to perform three different adjustments:

1. using the generalized least squares adjustment, without

correlation, using double precision arithmetic,

2. . using the generalized least squares adjustment, with éorrela-

tion, using double precision arithmetic,

3. using the method of observation equation, with correlation,

using double precision arithmetic.
The results of each of these three adjustments are given in Table 3.9.
General information on the adjustments is contained in Table 3.10.

The first conciusion that can be drawn from the results is that
the generalized least squares adjustment gave essentially the same re-
sults aé the method of observation equations. What appeared to be an -
advantage in that the mathematical model was linear in the parameters,
using the generalized method, was not really an advantage at all.

The second conclusion is that the technique of using only the
better conditioned events plus images 1-3-5-7 from the highly correlat-
ed events gives essentially the same results as using all observations
without correlation. This conclusion is not too surprising. ﬂany
analysts agree that correlation coefficients of 0.6 or less do not
cause significant changes in a solution. Haﬁy of the differences in

station coordinates are approaching the 1 o level. The c, for the



COORDINATES OF THE NORTH AND SOUTH AMERICAN NETWORK

TABLE 3.9

STATIONS FROM THE THREE TEST ADJUSTMENTS

Corrections to Approximate Coordinates
Generalized, Generalized, Obs. Eq.,

Station Approximate No o Full o Full o

Number Coordinates | Correlation Correlation Correlation
1 X 546551.3 - 0.5 2.8 1.4 3.2 2.6 3.0
Y -1389976,8 - 9.5 10,1 - 9.8 9.5 - 8.4 9.5
Z 6180216.4 7.1 7.8 4.8 8.3 3.1 8.4%
2 X 1130751.5 0.0 0.3 0.0 0.3 0.0 0.2
¥ -4830822.5 0.0 0.3 0.0 0.3 0.0 0.2
Z 3994693.9 0.0 0.3 0.0 0.3 0.0 0.2
3 X -2127841.1 0.7 9.0 1.6 8.1 1.6 8.1
b4 -3785839.5 - 8.1 3.6 - 3.7 3.9 - 3.1 3.7
z 4656032.3 0.8 3.2 - 1.8 4.0 - 2,2 4.0
B X 3623218.3 =34.0 9.9 -28.5 11.1 -29.4 4.0
¥ -5214222.7 3.¢ 4.8 4.0 6.0 5.2 6.2
y A 601532.3 40.1 12.6 31.1 13.6 31.3 13.6
9 X 1280811.5 -20.4 5.3 -17.6 6.4 -17.6 6.4
Y -6250937.6 7.5 6.8 2.3 8.1 10.7 8.4
A - 10814.6 41.6 13.9 34,2 14.7 33.1 14,6
19 X 2280596.7 -29.0 6.9 -24.3 8.2 -24.6 8.2
Y -4914539.4 3.9 5.2 3.9 6.7 4.1 6.7
z -3355431.0 64.7 24,5 58.2 ‘25,6 58.5 25.5

All units are in meters.,

09



TABLE 3.9 (Cont'd)

Corrections to Approximate Coordinates
, Generalized, Generalized, Obs. Eq.,

Station Approximate No o Full g Full’ ©

Number Coordingtes | Correlation Correlation Correlation
20 X -1888624.9 4.1 9.7 - 0.4 9.7 - 2.5 9.3
Y -5354875.8 4.6 6.2 - 0.3 8.0 0.3 - 7.9
z -2895760.4 69.4 23.5 53.8 24.6 55.4 24.6
38 X -2160990.2 1.3 9.2 3.1 8.4 1.8 8.4
Y -5642692.6 - 4.7 3.8 - 1.5 4.6 D.0O 4.5
A 2035359.0 15.9 7.2 13.0 8.0 9.7 7.9
43 X 1371345.7 -18.4 5.5 =-17.0 6.9 ~16.6 6.8
¥ ~3614746.0 =10.0 6.6 - 7.1 7.7 - 6.8 7.6
2 -5055948.9 80.0 29.9 68.6 31.0 66.8 30.9
50 X 1192648.5 -17.8 6.3 -16.6 7.9 -15.7 7.8
‘ Y -2451015.8 -16.4 10.3 -12.5 11.8 =13.2 11.7
A -5747042.3 77.8 32.6 65.7 34.1 65.9 34.0
61 X 2999889, 2 -34.8 9.1 -33.6 10.6 -34.0 10.6
Y -2219363.2 -23.9 . 10.8 -19.7 12.2 -18.7 12.1
Z -5155268.2" 80.5 30.4 66.7 31.7 65.7 31.6
67 X 5186389.3 -52.6 15.7 -48.7 17.6 -47.4 17.7
Y -3653935.6 3.3 7.4 2,1 9.4 3.1 9.5
A - 654306.7 49.8 16.6 44,9 17.9 46.6 18.0

All units are in meters.
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TABLE 3.9 (Cont'd)

Corrections to Approximate Coordinates

Generalized, - Generalized, Obs. Eg.,
Station Approximate No g ~ Full g Full g
Number Coordinates| Correlation Correlation Correlation
111 X -2448865.4 2.0 10.0 3.3 9.1 2.1 9.1
¥ -4667971.2 -10.1 3.3 - 8.1 4.4 - 5.7 4.4
A 3582743.9 5.0 3.8 2.9 5.1 - 0.1 5.1
134 X -2548914.6 0.8 10.0 2.1 9.1 0.9 9,1
Y -4668062.8 - 2.6 3.3 - 0.6 4.4 1.7 4.4
A 3582433.7 19.9 3.8 17.8 5.1 14.8 5.1

All units are in meters.
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TABLE 3.10

GENERAL INFORMATION ON THE ADJUSTMENTS

Station used as origin

Ichord constraint between
Station 2 and Station 3

{3485363.23m)

Number of Degrees of
Freedom

Quadratic sum of all the
residuals (W'PW)

Standard deviation of
unit weight (g )

Beltsville (2)

1:364777

1830

14203.5

2.7414

Beltsville (2)

1:406009

1890

11465.1

2.4630

Generalized, Generalized, Observation Equ, Method
Bo Full Full
Correlation Correlation Correlation
Number of observing stations 14 14 14

Beltsville (2)

1:406009

1890

11472.7

2.4638

£9
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solution using uncorrelated observations 1s slightly higher than in
the solution using correlated observations (see Table 3.10)}.

3.2.1.1 Adjustments using the Very Highly Correlated Observations

The next series of experiments was to use all 237 events in the
sorth and South American Network, if possible, using full correlation,
The adjustments were performed in sequence as follows:

1. A control adjustment using only the 187 well-conditioned

events.
2. An adjustment using the data in 1, plus all events where
wn lu was greater than 10,000 but less than 100,000.

3. Same as 2, plus all events where WM™y was greater than
100,000 but less than 1,000,000.

4, Same as 3, plus all events where W'H'lw was greater than
1,000,000 and less than 10,000,000.

5. The final adjustment used the same data as 4, plus all
events where W'M~ W was greater than 10,000,000,

The results of each of the five adjustments are shown in Tables
3.11 and 3.12. Table 3.11 shows that the o, decreased slightly when
the observations had 2 W'M1W less than 1,000,000. When the very
highly correlate& observations are added, the 9% increased. However,
the weight coefficient matrix, N-l, remains about the same for all
adjustments. A very close examination of the weight coefficieﬁt matrices
actually shows the numbers to decrease, although very slightly, with the
addition of the highly correlated observations. The change in the
statistics given in Table 3.12 is due almost entirely to the change of

d,s which is due to the increase in V'PV.



TABLE 3.11

GENERAL INFORMATION ON THE NORTH AND SOUTH AMERICAN ADJUSTMENIS

1

stations

Station used as
origin

Chord constraint
between Station 2
and Station 3
{3485363.23m)

‘Number of events

Number of Degrees
of Freedom

Quadratic sum of all
residuals (W'PW)

Standard deviation
of unit weight { %))

Beltsville (2)

1:1000000

187

1610

9614, 2

2,4437

Beltsville (2)

1:1000000

209

1820

10554.7

2.4082

Beltsville (2)

1:1000000

223

1974

11722.4

2.4369

Beltsville (2)

1:1000000

231

2058

13976.5

2.6060

187 well- WiM-1W < wir-lw < WM Ty < wa v <
conditioned 100,000 1,000,000 10,000,000 100,000,000
events
Number of observing 14 14 14 14 14

Beltsville (2)

1:1000000

233

2072

14470.4

2.6427

€9



TABLE 3.12

COORDINATES OF THE NORTH AND SOUTH AMERICAN NETWORK STATIONS

AT THE DIFFERENT STAGES OF USING CORRELATED OBSERVATIONS

All units are In meters.

Corrections to Approximate Coordimnates
187 well- WiM-Tu< WiM-Lu< WiM-Llu< WM lu<
Station Approximate] condi- 5 o o ) .
Number Coordinate tioned a ix10 ¢ 1xi0 o 1x10 o 1x10
_ events
1 X 546551.3 1.5 3.1 } 1.4 3.1 1.5 3.1 1.5 3.3 1.4 3.4
Y |-1389976.8 | -10.5 |9.5 Y 293 Jo4l -9.6 l9.40-9.8 ho1} -9.8 Jo.2
z £180216.4 4.6 8.3 4.5 8.2 5.7 8.2 5.4 8.7 5.6 8.8
-2 |& 1130751.5 0.0 0.2 0.0 0.2 0.0 0.2 0.0 0.3 0.0 0.3
Y -4830822.5 0.0 Q.2 0.0 0.2 0.0 0.2 0.0 0.3 0.0 0.3
z 3994698.9 0.0 0.2 0.0 0.2 0.0 0.2 0.0 0.3 0.0 0.3
3 X -2127841.1 1.5 8.0 2.1 7.9 2.0 8.0 1.8 8.5 i.9 8.7
¥ -3785839.5 - 5.9 4.0 - 3.3 3.8 - 3.0 3.8 - 3.4 4.1 - 3.4 4.1
Z 4656032.3 1.3 4.1 0.1 4.0 - 1.0 3.9 - 1.4 4.2 - 1.4 4.2
8 X 3623218.3 -28.3 11.6 -28.2 11.4 -28.5 11.1 -28.4 11.9 -28.5 12.1
Y -5214222.7 b4 6.7 3.6 6.1 3.2 6.0 4.3 6.3 4.3 6.4
pA 601532.3 32,7 14,3 32.2 14 .0 35.4 13.5 33.1 14.4 32.9 14.6
9 X 1280811.5 -20.9 7.4 -19.2 7.2 -19.5 6.6 -18.5 7.0 -17.8 7.1
Y -6250937.6 10.1 8.6 8.7 8.2 10.2 8.0 9.4 B.6 9.5 8.7
y - 10Bl4.6 33.0 15.3 33.3 15.0 37.1 14.6 35.9 15.5 36.0 15.8

99



TABLE 3.12 (cont'd)"

[

Corrections to Approximate Coordinates

All unite are in meters.

A imat 187 well4 WIM-Lw< W' M- 1W< wiM-iW WiM-iW<
|station pPproximate| .opdi-
. Number Coordinates tioned g 1x}.05 v 1x106 g 1x107 N lxle g
events
19 |X | 2280596.7 -31,2 9,1 ~26.8 8.8 ~26.5 8.4 «24.9 8.9 ~24,5 9.0
Y | -4914539.4 1.9 8.1 2.3 7.2 7.5 7.0 6.4 7.0 6.3 7.1
Z -3355431.0 52.1 27.1 60.5 26.1 56.3 25.4 57.0 27.1 58.6 27.5
20 [X | -1888624.9 1.6 9.9 2.4 9.7 1.1 9.5 - 0.7 10.2 - 1.0 10.3
XY -5354875.8 4.6 9.3 9.1 8.8 2.1 8.0 - 0.8 8.3 - 1.0 8.5
Z -2895760.4 64.1 27.4 71.3 26.4 36.5 24.5 52.6 26.1 52.0 26.4
33 |X -2160990, 2 1.4 8.4 1.7 5.3 3.6 8.3 3.0 8.9 3.0 9.0
Y }|.-5642692.6 - 4.5 4.9 - 3.5 4.7 - 1.3 4.5 - 1.2 4.8 - 1.2 4.9
zZ 2035359.0 16.1 8.2 15.7 8.0 14,1 7.9 12.8 8.4 13.0 8.5
43 |X 1371345.7 -14.0 3.0 -14.8 7.6 ~18.2 7.2 ~18.9 7.5 ~17.5 7.5
Y -3614746.0 -20.2 .8 -14.,1 8.9 - 3.4 8.1 - 2.3 £.1 - 3.8 8.2
z -5055948.9 71.0 32.7 74.9 31.6 64.8 30.9 64.6 32.9 67.8 33.3
50 [|X 1192648.5 -12.5 9.0 -14.2 B.6 -18.6 8.1 -19.1 B.5 ~17.6 B.6
: Y | -2451015.8 | -30.9 14.4 =249 13.1 - 7.5 12.2 - 6.7 12,5 - 9.1 12.6
pA =5747042.3 66.7 36.0 71.8 34.8 58.9 34.0 60.2 36.2 - 64,0 36.6

L9



TABLE 3.12 (cont'd)

Corrections to Approximate Coordinates

187 - "M-1w "m-l 'm-1 'M-1
Station Approximate con:?il WIMT TR LA WM< WIMTH<
. S g
Number Coordinates| tioned o 1x10 d 1x106 1x107 o 1x108
| events
61 1 X 2999889.2 -29.5 12.6 -32.7 11.5 -28.2 10.9 -32.3 11.3 -32.4 11.5
Y ~2219363.2 -38.1 15,0 f -32.3 13,6 -13.8 12.86 -13.4 12.9 -16.1 13.0
Z -5155268.2 62.9 [33.5 69.1 [32.4 60.6 |31.6 61.9 33.6 65.1 34.1
67 | X 5186389.3 -59.6 [22.1 -57.0 | 18.7 -49.3 18.3 -46.0 18.7 -47.2 19.0
¥ ~3653935.6 7.1 11.0 1.5 [10.0 8.0 9.6 4.4 9.9 3.5 10.1
Z - 654306.7 41.0 19.1 46.2 18.3 46.0 §17.9 44 .7 19.0 45.0 19.3
111 | X | -2448865.4 1.7 9.1 2.5 9.0 4.0 9.1 2.9 9.7 2.9 10.0
Y | -4667971,2 -10.4 5.0 -10.4 4.6 - 8.9 4.5 - 7.4 4.6 - 7.4 4.6
Z 3582743.9 2.0 5.4 4.5 5.0 3.3 5.0 3.8 5.3 3.8 5.4
134 1 X -2448914.6 0.5 9.1 1.3 9.0 2.8 9.1 1.7 9.7 1.7 9.8
Y -4668062. 5 - 2.9 5.0 - 3.0 4.6 - 1.5 4.5 0.1 4.6 0.1 4.6
Z 35824337 16.8 5.4 19.4 5.0 18.2 5.0 18.7 5.3 18.7 5.4

All units are in meters.
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3.2.1.2 Formation of Normal Equations using 32 Digit Arithmetic

The normal equations used in all adjustments up to this point in
time have been formed with the IBM 370/165 cdmputer, using double
precision arithmetic which is 14 digits. The last solution lis*ed in
Tables 3.11 and 3.12 had only 233 of thé 237 events in the North and
South American Network. The foqr migsing events were rejected by the
computer program because the contribution to V'PV was a negative number.
These rejected events were then processed through the quadrup;e pre-
cision version of the generalized normal equation program using 32
digit arithmetic, the result being that these four events were now
acceptable, since the reason for the original rejection was roundoff
error, Figures 3.8 through 3.11 show the event adjustment using double
precision for these four events, while the same events in Figures 3,12
through 3.15 use quadruple precision with changes in the ﬁumbers ‘Nﬁw
VPV' and 'WPW CONTRIBUTION FROM SATELLITE POSITIONS.'

3.3 Conclusions on how to use the Data

The conclusions drawn from the experiments performed to this point
in the investigation can be summarized in one sentence. 'Observations
with high correlation should be processed using quadruple precision
arithmetic.' The question is, "at what degree of correlation must the
quadruple precision be used?' The results given in Tables 3.11 and 3.12
indicate that observations with a W'M"lW less than 106 can be processed
using double precision arithmetic without loss of accuracy. However,
there were some events, such as those shown in Figures 3.9 and 3,10,

that were exceptions to this rule. From the standpoint of this



TEST DISTANCE = 200,00 SECOMDS OF ARC
EVENT 0 7699
9 1.1931927 Dokl ibd
Le L.54592285 0.4597032
SATELLITE PNS]ITION 2382909.821 =9029551 o 447 ~1317543,931
GEOD,. COORD. OF SATELLITE ~B.086587 284,782388 30534354,2
RMS MISCLOSURE IN METERS= 1.9
9 11948048 “04,37440808
14 L5441 448 0.4790971
SATELLITE POSIYTION 2391206.608 -9063693.128 -1199329,257
GEOD, COORD. OF SATELLITE ~7:323809 284,7T79172 30724175
RMS MISCLOSURE IN METERS= 2,7
9 1.1943576 ~0,33668583
19 13426798 G.4979700
SATELLITE POSIVION 2399045.133 ~9096469.1082 ~1080920 4684
GEOD. COORD. OF SATELLIVE o . 584008 264 TThkll 30915264%
RMS MISCLOSURE IN WETERSs 1.0
9 1.19784%97 ~0,2987890
19 1.540937% 0.5163467T9
SATELLITE POSITION 2606437 440 -3127884.327 -962353,458
GEOD. CODRD. OF SATELLITE «5.847137 284,769170 3110760.8
RMS5 MISCLOSURE IN HETERS= Q.4
9 ’ 1.1992852 ~0,2608577
19 1,5395440 B.5342521
SATELLIYTE POSITION 2413384.476 -2157936.872 -843624.170
GEDD, COORD. OF SATELLITE ~5.1332132 204.763463 3130112.2
RMS MISCLOSURE IN HETERS= 1.5
9 120046697 =0,222%605
19 1.8382032 . D,.5517050
SATELLITE POSITION 2419884,302 -9186618.502 ~T24T68 828
GEGD. COORD, OF SATELLITE 50302296 284,757288 3149565,3
RHS MESCLOSURE IN METERS= 240
Y 1.2819921 «0,1851608
19 15370009 0.5687270
SATELLITE POSITION 262%958,490 -92313913.264 -605808.T7T7
GEOD. CODORD., OF SATELLITE =3. 6546406 284.750800 31691023
RMS MISCLOSURE IN METERSs 8.0

NEW VPY 0,245827T0415000+01

NEW VPY  0.2439645970000+07

WPH CONTRIBUTION FROM SATELLITE POSITIONS 0,2440B33513210+07
THE ABOVE EVENT WAS REJECTED BECAUSE OF PODR CONDITIONIMG

o
9
e

0.2
0ol

0.l
0.0

0.0

0.0

0.1
0.1

o2
0.1

o
Y
wAR

THE P NUMBER FOR ONE OF THE S$TATEONS IN THE ABOVE EVENT 15 0.91284207D+09

Figure 3,8, Event 7699 using Double Precision Arifhmecic
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EVENT 0 7233
2 07950795 0.,0080930
8 lat818541 1.,0%82637%
SATELLITE POSITVIDN 340T7152.237 ~T151727. 759 4021010.666
GEOD, COOAD, DOF SATELLIVE 27023159 295.,473581 25101 78.8
RMS MISCLOSURE IN METERS= 3.7
2 0.7870637 0.0554557
H 16978780 1.0834882
SATELLITE POSIVION 3383422,.%01 -7091004. 7061 4171845,611
GEODs COORD. OF SATELLITE 28.081836 295507814 2522300.1
RMS MISCLOSURE IN METERS= 4.3
2 Ca. 7784308 0.1040389
L 17154916 1.1129508
SATELLITL POSITION 3358903, 747 ~T028)32.,473 432145%,.223%
GEDD. COORD. OF SATELLIYE 29.13739¢6 295.544192 2534855.8
RMS MISCLOSURE EN METERS= 6.1
2 0.7691212 0.1537385
B 1.7348968 1.1410864
SATELLITE PUSITION 3333618279 ~6963116e 350 Wb TAL L BL2
GE0D. COORD, OF SATELLITE 30. 189707 7295.582952 2547817.9
RMS MISCLOSURE IN MLTERS= 4.0
2 0.759%0751 0,2044284
B 1.7563210 1.1679507
SATELLITL POS1TION 3307583,620 ~6B95947,947 45616791 .088
E0D. COORDe OF SAYELLITE 31.2360681 295.624251 2561171.8
RMS MI1SCLOSURE IN METERS= Ou7
2 Q1462320 0,255%659
8 1.7B00G328 1.1935904
SATELLITE POSITION 3280813.280 -6B26T27. TR 4 T6245T.934
GEOD. COCRD. OF SATELLITE I2-284318 295,468175 2574925.9
RMS MISCLOSURE IN METERS= 3,1
2 07365198 0.3081687
8 1.8063468 1.2180440
SATELLITE POSITION 3253322.570 -6755413.386 4906713.043
GEOD. CODRD. OF SATELLITE 334326279 295,714884 2589049.5
RMS M1SCLOSURE IN METERS= 2.7

NEW VPV 0.2703155974210+01

NEW VPY O.682665306170D+03

WPW CUNTRIBUTION FROM SATELLITE POSITIONS 0.7643051911010403
THE ABOVE EVENT WAS REJECTED BECAUSE OF PDOR CONDIYIONING

THE P NUMBER FOR ONE OF THE STATIONS 1IN THE ABOVE EVENT IS 0-912842010+09

Figure 3.9. Event 7233 using Double Precision Arithmetic
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EVENT o 7743
2 14039851 —0.0030579
9 1.3783598 0.8101447
SAVELLIYE POSITION 19363434497 ~S6l5287.151 3S90THE 424
GEOD, COORD. OF SAVELLITE 20,183363 z81,386038 L06932547
‘ AMS MISCLOSURE IN HETERS= k-
2 1,4064602 -0.0527148
9 1.3791300 0. B340770
SATELLITE POSITVION A9 2B 9hd 042 ~9500963,153 3740029,325
GEOD. CUORD. OF SATELLITE 20.999890 281371645 4098153,7
RMS WEISCLOSURE 1IN HETERS® 0.5
2 1.4053380 ~0.0221292
9 1.379A881 - 0.8573365
SATELLITE POSITION 19212362257 -956 45690 « 259 30888474 001
GEOD. COORD. OF SATELLIYE 21.81177T8 281.357712 4512691 T ok
ANMS MEISCLOSURE INM METERS= 1.4
2 1.4060177 00086781
9 1.3806328 0.8799547
SATELLETE POSITION 1913229.566 —9536418a262 4036096114
GECD. COORD. OF SATELLITE 22.619072 281344280 4155603.2
RMS MISCLOSURE IN RETERS= 1.8
2 1,4066980 0,0396664
° 1.3813628 0.%019616
SATELLITE POSITION 1906937,930 -9%06171L.842 41828814262
GEOD, CODRD. OF SATELLITE 23.42180% 281.33}139% 4186212.7
RAS MISCLOSURE IN METERS= Teb
2 1.4073763 0.0708RY
4 1.3820769 0.92338598
SATELLITE POSITVION 1896379955 -9474006,128 43208 34,671
GEUD, CODRD. OF SATELLLTE 24,220300 201.31911% 42127696
RS MISCLOSURE IN METERSSs 11.9
2 14080484 0,1022551
9 1.3827740 Do9442543
SATELL1TE POSITION 1887581399 «9439970.972 4473991 ,082
GEDD, COCKDe OF SATELLITE 25.014609 2B1.307523 4241328,.%
RMS MISCLOSURE IN WMETERS= bl

NEW VPV 0.1201885049640+02

NEW VPV 0,297T724B0T739D+05

WPH CONTRIBUTION FROM SATELLITE POSITIONS 0,5359696564T16D+05
THE ABOVE EVEMT WAS REJECTED BECAUSE OF POOR CONDITIOMING

THE ¥ NUMBER FOR ONE OF THE STATIONS IN THE ABOVE EVENT 15 0.912842070+09

Figure 3.10. Event 7743 using Double Precision Arithmetic
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EVENT 0 10301
i9 0.5302922 053300065
&7 1.4032289 021963765
SATELLITE POSIVION 5079245217 —695632643233 2 ~1311629.413
GEOD. COORD., OF SATELLITE =8.700431 306 .1 25499 2334941 .6
RHMS MISCLOSURE IN METERS= 2.5
19 0.6284620 0.5190288
67 1.6061741 -0.2187057
SATELLITE POSITION 5070022.973 —6%%1TB6. T45 =1385523.471
GEDD. COORD. DF SATELLITE —9,200527 306,143003 232946645
RMS MISCLOSURE IN METERSs 1.3
19 0.6265574 0,504T741
&7 16092495 =0.2410095
SATELLITE POSITION 5060479,.806 ~69267TT6.0561 =1459327.620
GEDO. COORDs OF SAVELLITE -9, 701255 306.150662 23264075,.,8
RMS MISCLOSURE IN METERSs 5.8
19 0.6265T67 04902344
14 . 1o61244T4 : ~De2632745
SATELLITE PDSITION 5050641242 -6911304,220 ~1532034,225%
GEOD., COORDs OF SATVELLITE ~10.,202563 306,158579 2318792.3
RMS MISCLOSURE IN METERS= 5.2 .
19 0.6225175 0.4754010
67 1.6157720 -0.2854850
SATELLITE POSITION 5040504 . 798 =68953T0. 474 ~1606637.548
GEOD. COCRD, OF SATELLITE =10,704436 06,1656 Ths 2313&614.1
RMS MISCLOSURE IN METERS= 0.8
19 0.6203776 0.460264%9
&7 ’ 1l.6192302 =0.3076245
SATELLITE POSITION 5030062.733 -6878972,300 «1680132.23}
GEOD. COODRD., OF SATELLITE =~11.,206869 30&.175130 2308534.8
RMS MISCLOSURE IN METERS= 5.5
19 0.6181543 0.4448168
67 l.6228268 03296778
SATELLITE POSITION 5019312 .638 -6862108, 690 =1753512.773
GECD. COORDe. GF SATELLITE =11,T709857 306.183730 2303552.4
RMS MISCLOSURE IN METERS= 55

NEW VPV 0.183425537521D+07

NEW VPV 0.17243136771L00+02

WPH CONTRIBUTION FROM SATELLTITE POSITIONS 0.1834352249150+07
THE ABOVE EVENT WAS REJECTED QECAUSE OF PODR CONDITIONING

73

0.1
0,2

0u1
0.1

0.3
Oc 4

a3
03

0.3
0.3

THE P NUMBER FCR ONE OF THE STATIONS IN THE ABOVE EVENT 1[5 0.393086300+10

Figure 3.11. Event 10301 using Double Precision Arithmetic



TEST DISTANCE = 206,00 SECDNDS OF ARC

LVENT 0 1699
9 Lal931927 -0.4121166
19 1.5459 385 0.4597032
SATELLITE POSITION 73R290%.821 9029551 JA4T ~133175463,931
GEOD. CONRD. OF SA¥ELLITE -8 ,066547 284 ,7B3388 2053434 .2
RMS MISCLOSURE IN METERS= 1.9
9 : 1.194R048 ~0a374%4008
19 . 1.544 1448 04790971
SATELLLITE PNSITLIM 23912056,608 —5063693.121 =-1199329.257
CEND. CDORD, OF SATELLITE ~7.323809 284 ,TTR1T2 3072417.5
RMS MISCLOSURE IN METERS= 2.7
9 . le 1963576 =0.33668%3
i9 15424798 0. 4979706
SATELLITE POSITION 21990454132 ~909646%.182 ~10A0928,.6B4
GEDD. CNORD. OF SATELLITE -6 . 584008 284 0,7 Th41] 3091526.5%
RMS MISCLOSURE IN HETERS= 1.0
L 101978497 «~0,2987890
1% 1.5409379 . 0.5163479
SATELLITE POSITT(N 24066437 adi ] -9127884.,327 -962353.458
GEQD. COORD, OF SATELLITE =5.847137 284 ,769170 3110760.8
RMS MISCLOSURE IN METERS= 0.4
9 11992852 =0, 2608577
19 1:539%140 0.5342521
SATFLLITE POSITION 2413304,.674 -92157936.872 ~B43b624, 170
GEOD, COORD., OF SATFLLITE =5,113213 28B4 . TH3LAD 2120112.2
RMS MISCLOSURE IN METERS=: 1.5
9 12008697 =0,2229605
19 1.%3820%2 0.5517050
SATELLITE POSITION 2419886 ,302 -91R6618,501 -724768.828
GEOD. CODRN. OF SATELLITE ~& 5382290 2B4.T75T?288 3149585.3
RMS MISCLOSURE 1w METERSe 2.6
9 1.2019921 -0.1851608
v 1.5370009 O.5LBTZ2T0
SATELLIYE POSTTITION 2425958 .,491 ~9213913,.264 =605808.TT7
GEQD. COORG, OF SATELLITE 32694406 284 .750800 3169102 .5
fMS MISCLOSURF IN METFRSx 8.0

NEW VPV 0,24722372T724806108181610+01
NEW VPV  0.2440B39BAZ2T77B19645T230+07
WP CONTRIBUTION FROM SATELLITE POSITIONS 0.2440B833506660+407

Figure 3.12. Event 7699 using Quadruple Precision Arithmetic



FVENT 1 7233

2 0.7950795 0. 0080930

i} 1.60]654) 1.0526375
SATELLITE POSITION 3407152,.237 ~7151727.1%9 4021010.86¢
GFOD, COORD. OF SATELLITE 27.023159 295%.473581 251017A.8

RMS MISCLOSURE IN METERSE 3.7

? C.TRT063T 0.0554557

P 1.697HT60 1.0R34682
SATELLITE POSITION 3383427 ,901 =T091004,761 41TIFAS.511
GEOD. CODRD. OF SATELLITE 28.081836 295,507414 2522300.1

RMS MISCLOSURE IN MFTERSs L)

Py Q. TTRAI08 0.10403869

3] 1.7154916 11329508
SATELLITE PDSITION 3358903,747 ~7028B132,473 4312164%5,239
GECQD. COORD, OF SATELLITE 29.137396 295 ,.544192 2534055 ,8

RMS MISCLOSURE IN METERSE Sal

2 0,7691212 0,153738%

8 1.73468968 1=.141N8066
SATELLITE POSITION 33334618,279 ~69563114.350 44697846,.817
GED, COORD. OF SATELLITE 30.189707 295.502952 2547817.9

RM5 MISCLOSURE 1IN METERS=: 4.0

2 0.7590751 0,2064208

] 17563210 1.1679507
SATELLITE POSITION 3307583.871 ~6895946T,.947 4616791 .888
GEDD,. CNORD. OF SATELLITE 31.238468) 295.02425) 25h1171.8

AMS MISCLDSURE IN METERS= 0.7

2 0.7482320 0.,2559659

B 1.7800378 11935904
SATELLITE POSITION 3280813,260 —-6A2672T.785% LT6745T7.934
GEOD, COORD. OF SATELLITE 32.2B4318 295.6KRLT75 2574925,.9

AMS MISCLOSURE §N METFRSE 3.1

2 0.7365198 0.3081667

8 18063460 12100440
SATELLITE PDSITION I?2R3327.57T0 6755413, 385 4906T13,. 047
GEOD. CODRD. OF SATELLITE 33,326379 Z295.T148R4 2589049 ,5

RMS MISCLDSVURE IN METERS: 27
NEW VPV  D,.26979143915430551355030+01
NEW VPV 0.T7695T12852754080952949Q+03
WP CONTRIBUTION FROM SATELLITE POSITIONS Q.7643N5850798G+02

Figure 3.13. Event 7233 using Quadruple Precision Arithmetic
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EVENT ?

2

IS
SAVELLITL POS
GiON. CDORD,

?
9

SATELLITE PDS

GENU. COORD. OF SATELLITE

7
a

SATELLITL POSIVION

GEOD. CDURD.

?
9

SATELLITE POSITION

GEQOD., CDORD.
2

9
SATFLLITE PCS

GEQD. COORD. OF SATELLITE

2
9

SATELLITE POSITION

GEOD, CONRE.

2

9
SATELLITF POY
GEQD, COORD.

1763
14029851 -0,.0830579
1.37835%98 0. 8101447
1TION 19346343,4698 ~9615287.151 250079884258

OF SATELLITE 20.1837863 201 ,.386038 4$069325.7
RMS MISCLOSURE IN MFTERS= 3.5
14046602 =0,0%2T146
1.3791300 D.8340770
1TION 1928944 ,443 , ~9590993,.153 37640029, 325
20,99%090 2812710645 H0981%3,.7
AMS MISCLOSURE TR METERSE 0.5
1, 4052380 -0,0221292
1.3798EM 0,85737%65
1921226257 9564690 . 259 3BE8R4TLH.00
OF SATLLLITE 21.813776 281 .357712 4126917.4
- RMS MISCLOSURE 1IN METERS= 1.4
1.4060177 0.0086701
1.26806328 0. AT99547

1913229567 ~9536416.262 4036096.114

OFf SATELLITE 22.619072 2B1.344280 4155603.2
RMS MISCLOSURF I MFTERSs 1.8 '
1.40656980 0.,0396684
1.3813628 0.9019614
ITION 1904937,931 -9506171.842 4182881.262
23.421865 2681 .331395 41842127
RMS MISCLOSURE IN METERS= Tl
1.4073763 0.070B849
1.3820769 0.9233858

1896379,955 =9474004,128 “4328B34,671

OF SATELLITE 24,220300 281.319115 421274694
AMS MISCLOSURE IN METERS= 11.9
1+ 40BDAH4 0. 1022551
1. 38271740 Da9G462543
ITION 1R87581,399 ~9430970,972 4473991 .082
OF SATELLITH 25.014609 281.307523 H241328,5
RMS MISCLOSURE IN METERSE bob

NCW VPY  D.92656117162938068%9843230+01
NEW VPV  0,589464T496427951AH183120405
WPH CONTRIHUTTION FROM SATELLITE POSITIONS (.5596964568 7070405

Figure 3.14.

Event 7743 using Quadruple Precision Arithmetic

76



FVENT 3 10301
iv 0.6302927 0.523606%
ot 1.6032289 L =0 1 RAITAS
SATELLITE POSITION LOT9245.2717 ~6956326.333 -13i1679.413
GrOD, COORD. OF TATFLLITF ~R 760421 1064155499 2334941.6
RMS MISCLOSHURE IMN METERS=s . =~ 2.5
i9 06204620 0.5180788
&7 1.6061741 ~0.2187057
SATELLYITE POSITION S0T0022 974 ~6541TBE,. 145 ~1385523.471
GEDCD. COORD. OF SATELLITE - ,200%27 104, 143003 ?2329466.5
RMS MISCLOSURE In AETERL= 1.3
1% Da62655T4 0.5047T41
h7 16092495 -0, 246 )hO9%
SATELLITE PDYITION S06L0GTY BT  —6925TT6H.051 ~1459327.820
GENN. CONRN, NF SATFLLITE -9,701255 NG IS066 0 2324D75.8
RMS MISCLOSURE TN ME1ERS= S.B
1% Ne6b245%767 0. 4907 2hkh
&7 1.612494Th 0. 2632145
SATELLITE POSITIIN 5050641,243 ~491130u,220 ~1633034.,225
GEOD, CONRD, OF SATELLITE ~10.202%63  © 306.1%857% C2MATNR,D
RMS MISCLOSURE IN MFTFRSs 5.2
19 0.622%175 Q.4754010
o7 lets157720 ~0,28%4450
SATELLITE POSITION S040%04 , 798 ~6BISATN  4TH ~1606637.540
GEDD. CODRD. OF SATELLITE =10.704436 306.166Thé 23136%4.1
AMS MISCLOSURE 1N METERS= 0.8
19 0.6202778 0. 4602649
&7 1.6192302 0., 307Th265
SATFLLITF PNSITION S030062.7233 ~6BTESTZ, 300 ~14&RD0I32.23%1
GEND. CNOORD. NF SATELLITC =11.206849 08,5 TH120 Z30A534 A
RMS MISCLOSURE Ih KMFTFR&= LI
19 - ] N,61€}1543 QL bL4R1EN
&7 1.6720268 —0, 22967 TE
CATELLITE POSIFLON SN191124639 —&BAZIOR.&9D -1TH3GLIA LTI
GEOD. COORD. OF SATELLITE “l1.709a57 3060.1B3730 ZIDIBES .4
RMS MISCLOSURE IN METERS= 5.5

NEW VPV  0,1834366546620904773T7980+407
NEW VPV  0,.1625TT4839940063056T738Q+02
WPW CONTRIRUTION FROM SATELLITE POSITIONS O0,1B83435979R66Q+407

Figure 3.15.

Event 10301 using Quadruple Precision Arithmetic

17
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investigation it is very easy to decide which events should be processed
in quadruple precision, since every Type II event had been processed in
double precision and the troublesome data detected. 1In reality then,
there are two different recommendations that can be given to anyone

who is going to use highly correlated observations:

1. 1If all of the data can be‘processed using double precision
arithmetic, the troublesome data can be detected. Then for
the final formation of normal equations, the double pre-
cision arithmetic can be used to process all good events
that have a W'M™} less than 108, and quadruple precision
arithmetic used to process all events with a higher W'M~ly,
plus any other troublesome data,

2, Same as 1, but use only every other image where W'M~lW > 106.
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4. THE WORLD NETWORK ADJUSTMENT

Once the‘proper method of handiing the highly correlated observe-
tions had been determined, the final step in this investigation was to
perform an adjustment of the entire 49 station network. For the purpose
of gaining a better insight of the results, several ad justments were
performed. The normal equations used for these adjustments were formed
is suggested in Section 3.3, Earlier in the investigation, before the
final data handling procedures were decided upon, the normal equations
were formed by using every image if the value of W'M™lW was less than
104, and only images 1-3-5-7 if W'M"lW was larger. These normalrequa-
tions used in the large worldwide network adjustment of the National
Geodetic Satellite Program are described in [Mueller et al., 1973].
After it was dectermined that qﬁadruple precision could be used to process
;he highly correlated observations, only the events with a W;Mfiw greater
than 10% were processed in this manner. This set of no%mal equations
was then combined with the earlier set of every-image normal equations
from events with a W'M~1W less than 10%. By usiné this technique the
cuteff point between double and quadruple“precisién was 104, and not
109 as suggested in Section 3.3,

Even though it was discovered that the data could be processed
using quadruple precision, there was still the question of verifying
the earlier procedure. For this reason, one of the adjustments included
here was based on the 1-3-5-7 image data for the highly correlated ob-
servations as in [Mueller et al., 19?3], and an additional adjustment

was performed with the correlation between observations neglected.
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4.1 The Adjustment

The network adjustments were performed using the approximate station
coordinates listed in Table 4.1. These are geodetic coordinates ref-

erenced to an ellipsoid with the following dimensions:

I

a 6378155.0 meters

t

b = 6356769.7 meters.
The parameters of the adjustment were the Cartesian coordinates of the

49 ground stations.

4.1.1 Constraints

The normal equations are singular as no constraints are applied
during the process of forming normal equations. Since the orientation
of the system is inherent in the optical observations, the minimum
number of constraints needed is four (ome for defining the scale, three
for the definition of the origin of the coordinate system). 1In addition
to these "minimum" constraints, any additional available geodetic in-
formation may be included in the solution in the form of constraints.

In the case of the worldwide network there are three different types
of geodetic information available:

1. Relative geodetic positions of nearby stations. On Wake Island,
Stations 12 and 66, and in California, Stations 111 and 134,
were co-located, The relative positions of these two pairs
of stations were determined from the local survey. In all
ad justments the relative positions of thesgse stations were con-

strained to the known values listed in Table 4.2.

2. Scalars. Table 4.3 is a listing of eight baselines measured

for the purpose of furnishing scale to this network.



TABLE 4.1

APPROXIMATE STATION COORDINATES

Station Approximate Coordinates
No. Name Lat itude Longitude (E) Ell. He. (H)m]
1 THULT 76° 30'  sl?s00f 291° 27° s54%e990 186,694
2 BELTSVILLE 39 1 36,4710 283 10 26.5940 =-19,429
3 MDSES LAKE 47 11 b.63101 240 3% 42,1940 2264364
4 SHEMY A §2 42 4RL1210) 174 T 27.7320 -38,810
6 TROMSO 69 3% 45.2300| 18 56 29.2500 Bl.21¢
7 TERCEIRA 38 45 36.17BO| 332 S& 24,8100 73.057
a PARAMARIBD 5 26 S3.,3500) 304 AT 39,7040 ~58,912
9 QuiITn 0 5 51.9460| 281 34 4h.4B20 2661.306
11 waut 20 42 26,6550 203 44 37,4660 A087. 464
12 WAKE TSLAND | 1% 17 28.02901 lbb 38  40.R4L4D -£5.870
I3 KAaNQYA 31 23 42,4910 130 S22 19.4%60 32.220
15 MASHHAD 36 14 25.4T60} 59 3T 45,1740 017.594%
ie CATANIS AT 26 3R.5920| 15 2 45,284 ~10.989
19 VILLA DOLORES =31 56 35,9850} 294 53 37,3290 b0T. 419
20 FASTER ISLAND ~27 10 36.4750} 250 34 21.4760 210.046
22 TUTUILA ~14 19 55.0940| 189 17 10,2930 -21.370
23 THURSDAY TSLAND -10 3% 1.4030] 142 12 40,1730 32.500
a1 INVERCARGILL ~&6 24 S5B.8520F 168 19 33,6360 ~100.400
32 CAVERSHAM =31 50 28.5010| 115 S52 34,5380 14,720
3R SOCORRD 1SLAND 1A 43 S8.13%0 | 249 2 &0.%120 -31.052
39 PITCAIPN ISLAND =25 4  §.7450] 229 53 11.946%90 299,418
40 COCnS TSLAND ~12 11 44.51T0| 98 so  5.01%0 -99,590
42 ADDIS APARA 8 46 12,7B&0| 328 &9 51,9550 1810,962
43 CERRO SOMBRERD =52 &b 53.,3320]| 290 46 31.B8480 T9.731
iy HF&RD ISLAND ~E3 1 10.8490 T3 23 24,2950 =15.510
4% MAURTTIUS —20 13 54,4340 5T 25 3Z.T440 . 48,920
4T ZAMBDANGA & .55 20,1450 122 &4 11.3700 262340
50 PALMER STATION -64 46 26,5320 295 56 S0.1240 9.733
51 MAWSDN STATIDN =-6TF 3k kL3550 b2 52 Z4.H6430 -25.710
52 WILKES STATION -66 16 45.859n) 110 32 12.1800 -B4.410
53 MCMURDD S5TATION =77 S0 &1.2180)| 1s& 3@ 39,7330 -113,.320
55 ASCENSION JSLAND -7 58 16,1870 345 35 34.01%0 40,923
59 CHRISTMAS 1SLAND 2 ¢ 19.0250| 202 35 15.5260 ?25.562
&0 CULGOCRA =30 18 34,7120 149 33 42,0430 109,480
61 SOUTH GECRGIA 15. =54 1T 2.1770] 323 30 19,4660 ~3,433
63 P DAKAR 14 &4 41,8850 | 342 30 59,7900 10.417
64 FORT LAMY 12 7 54,1410} 18 2 T7.785D 248,595
h5 HOHE MPE ISSENBERG 47 4R 3.6290 ) 11 1 25.7350 916,461
66 WAKFE 1SLAND i) 19 17 28,0290 | 166 36 &0,.p6&0 45,870
67 NATAL -5 &5 39,4860 | 324 S0 3,7920 1.641
Y] JOHANNE SBURG -25 53  0.2920| 27 42 22,7750 1489,425
69 TRISTAN DA CUNHA =37 3 54,8070 | 347 41  4,62560 17.797
12 CHIANG Mal 18 46 10.6010 ] 98 S8 5,0640 170,500
73 DIFGO GARCILA -7 2t 71720 T2 28 21.9230 ~154.050
7= MAHE -4 4D 1%.4500 1 S5 2R 4P_B3RO 5h3.181
78 PORT ViLa ~17 &1 30,4000 | 168 18 25,4000 70,600
111 WRIGHTWCOD | 34 22 S4.1420 ) 242 19 4.93FD 2239,267
1213 POINT @ARRON T1 18 &4B.0D0OD | 203 21 4, 0000 18.100
134 WRICGHTWOOD 1] 34 22 43,9340 | 242 19 b, B8040 2149 .09

81
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TABLE 4.2

RELATIVE POSITION CONSTRAINTS

Stations Relative coordinates (meters) Weights Source of
AX AY AZ Iaformation™
12 - 66 1.93 42.34 - 25.67 100.00 NG5S
111 - 134 53.73 90.04 305,32 100.00 NGS

*NGS National Geodetic Survey .

TABLE 4.3

BASELINES USED TO SCALE THE BC-4 WORLDWIDE NETWORK

Baseline Chord Distance Estimated Source of
Stations {meters) Standard Deviation’ Information®
(m) ppM
2 - 3 3485363, 232 3.5 1.00 x 107 NGS
3 - 111 1425876.452 1.6 1.11 x 107° NGS
6 - 65 2457765.810 3.5 1.43 x 107°° NGS , DGF1I
16 - 65 1194793.601 1.4 1.18 x 10-6 NGS,DGFI
6 - 16 3545871.454 3.5 1.00 x 10 NGS,DGFI
63 ~ 64 3485550, 755 4.1 1.18 x 10-6 NGS
23 - 60 2300209.803 4,6 2.00 x 10-6 NGS ,DNP
32 - 60 3163623.866 6.3 2.00 x 1076 NGS ,DNP
*
NGS National Geodetic Survey.

DGF1
DNP

Deutsche Geoddtisches Forschungsinstitut.
Division of National Mapping, Department of National
Development, Australia.
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3. The ellipsoidal (geodetic) heights, being the sum of the
orthometric heights and the geoid undulations. In recént
years, the geoid has been fairly well determined [Rapp,
1973], and the orthometric heights accurately measured through
differential leveling. The height constraints used in these
adjustments were calculated as described in [Mueller et al.,
1973]. These are listed in Table 4.4. An additive term of
~-15 meters was applied, in most cases, to the gecid gndulations
resulting in a semi~major axis (of the level ellipsoid best
fitting the geoid) of 6378140 meters. This value was decided
upon a priori, Ih all adjustments, "inner" constraints were
used to define the origin [Blaha, 1971] for reasons explained
in [Mueller et al., 1973] and in Section 4.1.2,

4,1.2 The Selection of the Baselines

To get & feeling for the quality of the EDM baselines listed in
Table 4.3, four preliminary adjustments were pe;formed in which the
four longest scalars were individually constrained to their measured
lengths and their effect on the other (unconstrained) Baselines in-
vestigated. The results are shown in Table 4.5 in the form of the
differences "adjusted - measured" lengths (Ad). Only independent lines
longer than 2600 km are shown, since the adjusted length of a short
line, due to the geometry resulting from the high altitude of PAGEODS,
is not reliable. From the table it is clear that holding the east-

west Australian line (32-60) to its measured value generally results in



TABLE 4.4

HEIGHT CONSTRAINTS
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. RRef MSL HConstrw—
No (m) {m) {m)
1 11.66 206.0 199,951
2 -36.90 44,300 5.444
3 -17.65 368.74 351,580
4 6.22 36.80 29.418
6 27.06 105.70 102.751
7 54,00 53.30 B86.780
8 -28.31 18. 380 - 12.091
9 16.73 2682.10 2707.282
11 1.75 3049.270 3056.381
12 13.75 3.50 7.244
13 34.27 65,90 72,214
15 -20.67 991.00 925.791
16 37.43 9,240 10, 344
19 22.80 608.18 635.373
20 - 4.75 230.80 241,566
22 27.35 5.340 38.110
23 67.94 60.50 116.207
31 8.68 0.900 6.374
32 -30.51 26.30 - 30.292
38 =35.47 23,20 - 0.720
39 -16.68 339.40 338,356
40 ~38.11 4,50 - 71.484
42 -~ 5,78 1886.460 . 1836.223
43 15.60 80.70 99.324
44 36.61 3.80 13.258
45 - 6.07 149,40 101.997
47 62.17 9,39 40.849
50 15.70 16,440 31.475
51 29,20 11.30 20.672
53 ~56,10 19.00 - 43.009
55 16.26 70.940 65.505
59 16,07 2.750 27.763
60 27.33 211.080 226.551
61 11.28 4,20 8.904
63 27.20 26.30 30.600
64 10,35 295.40 268.163
65 44 .23 943,20 953.516
66 13.74 5.30 9.434



a5

TABLE 4.4 (cont'd)
NRef MSL H
No. (m) (m) Congtr
67 -12.03 40.630 17.645
68 24 .65 1523, 80 1513.482
69 25.52 24 .800 32,742
72 -40.39 319,20 238,359
73 -73.64 3.90 - 113.795
75 =44 40 588.980 499,546
78 63.10 15.20 74,360
111 -33.18 2284.30 2257.368
123 - 1.40 8.30 - 7.364
134 | -33.19 2198.400 2171.459
*
Hoonstr = Npeg + MSL + AN
where
AN = Aa + Ax cos ¢ cosA + Ay cos psind + Az sing
Aa = 15.27m
Ax = 15,11lm, Ay = 26.82m, Az = 8,05m.

(The set of constants were obtained through several iterations).
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TABLE 4.5

ADJUSTED - GIVEN LENGTHS (m)

Solution BC-D8 BC-D9 BC-D10 BC-DI1
ine fixed 2 -3 63 - 64 32 - 60 6 - 16
Line
2 - 3 0.0 - 8.6 33.8 12.4
6 - 16 -13.3 -20.9 22.1 0.0
63 - 64 6.1 0.0 40.5 C19.1
23 - 60 - 9.5 -14.6 12.4 - 0.7
32 - 60 -29.5 -36.6 0.0 -17.5
$Ad (m) -46.2 -83.6 108.8 13.3
SAd 6 - 2.89 - 5.23 6.81 0.83
20 g %10
length

unreasonable larger differences of opposite signs than in any other

case.
To verify the suspicion that something is wrong with the given
measured value of line 32-60, a free adjustment was performed in which
both the origin and the scale constraints were "free". It is expected
that the variance obtained from such an adjustment would primarily
reflect the geometry of the situation. In other words, the variances
of‘the various lengths would be due to the geometry of the network and
msrd)z.

free of the quality of the measured lengths (og If the estimated

variance of the measured lengths are added to those obtained from the

free
)2

free adjustment ( o4 , an estimate is obtained for the maximum



87
est, 2
expected variance of the length differences (gAd )°. 1If an actual
length difference is found to be 2-3 times greater than this estimated

standard deviation, the measured length becomes suspect. The result of

such an analysis is shown in Table 4.6. From the table it is seen

TABLE 4.6

'ADJUSTED - MEASURED LENGTHS (Ad) FROM A
FREE ADJUSTMENT (SOLUTION BC-16)

Line ogfreey  |og®sTd* gy 98.d°5* (m) Ad(m)
2 -3 4,2 3.5 5.5 - 5.0
3 - 111 3.7 1.6 4.0 9.8
6 - 65 4.0 3.5 5.3 7.7
16 - 65 1.4
6 - 16 4.5 3.5 5.7 S -17.2
63 - 64 4.4 4.1 6.0 2.4
23 - 60 4.4 4.6 6.4 SEENTR!
32 - 60 4.3 6.3 7.6 -33.1

*From Table 4.3.

again that line 32-60 is out of bound.

Another way of evaluating the effect of a scalar is through the
semi-diameter of an ellipsoid best fitting the geoid resulting from a
solution., In this method the undulations for each station are computed
(N = Ellipsoidal Height - Mean Sea Level Height) and, after suitable

transformations for shift in origin, are compared with some standard
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set of undulations (in this case with those in [rapp, 19731). The

average difference of thése two sets of undulations (AN) is equivalent

(with opposite sign) to the difference between the semi-diameter of the

reference ellipsoid (a = 6378155m) and that of the level ellipsoid of

the same flattening to which the standard undulations refer. Thus,
a(level ellipsoid) = a(reference ellipsoid) -AN.

Three sets of such comparisons were performed: one with the
baselines constrained with weights corresponding to the standard de-
viations listed in Table 4.3, one with all lines constrained to 1:3M,
and one with all lines constrained to 1:30M. Within each set the ad-
justment was performed with all eight lines constrained and also without
the line 32-60 (seven lines). The results are shown in Table 4.7. 1In
addition to the semi-diameter of the best fitting level ellipsoid, the
Table also contains the average standard deviations of a single coordi-

2

nate g? = oi + Uy +‘U§) as well as those of the heights ( oH), and

the ratios
ad

ad justed - measured lengths/lengths :(E:length)'

From the Téble it is evident that though the varying type and number of
constraints do not significantly change the quality of the coordinates,
in the seven baseline solutions (BC-D2, BC-D8, BC-D10) the adjusted
lengths agree much better with their measured values than in the eight
baselfne solutions (BC-D12, BC-D7?, BC-D9). It is also seen that the
inclusion of the single east-west Australian line increases the semi-

diameter by the unreasonable amount of 6-%m (1.15ppM).

[t #

',‘s:f
4 fl
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TABLE 4.7

THE SEMI~DIAMETER OF AN ELLIPSOID BEST FITTING THE GEOID,
AS DETERMINED FROM SIX DIFFERENT ADJUSTMENTS

No. of lines | Type of z:,_lﬁl__ a (level °1%n
Soluti trained traint length | ellipsoid)
aolutlon constraine cons aln x106 6378000+(m) (m) (m)
BC-D12 8 .81 |124.1%11.0 | 6.3 8.1
as in
BC-D2 7 Table 4.3 1 45 1118.4%11.2 | 6.218.3
+
BC-D7 8 .08 | 128.0%10.8 | 6.1 7.7
1:3M +
BC-~DS 7 06 | 119.7%11.2 [ 6.2(7.9
-+
BC-DY 8 .02 | 127.0%10.7 | 5.9 7.2
1:30M + _
BC-D10 7 .01 | 118.0%°11.2 | 6.0 7.3

On the basis of the results in Tables 4.5 - 4.7, and also based on
other calculations not reported here, the measured value of the Australs
ian line 32-60 was rejected as a useful constraint.

The high standard deviations attached to the éemi-diaméters of the
level ellipsoids in Table 4.7 also indjcates the‘questionable value of
only seven or eight baselines in scaling a global network regardless
of their individual quality. The inclusion of height constraints in the
solution is an attempt to obtain a better scale [ Mueller et al., 1973,
Section.S.l].

4.1,3 Results

The characteristics of some of the typical adjustments performed
are given in Table 4.8. The Cartesian and geodetic coordinates re-

sulting from the BC-D6 solution, which is considered the best, are listed



TABLE 4.8

GENERAL INFORMATION ON THE ADJUSTMENTS

Solution BC-D1 BC-D2 BC-D3 BC-D4 . BC-D6 BC-D11 BC-D13
No. of
Observing Sta's 49 49 49 49 49 49 49
o (a priori) 1.0 1.0 1.0 1.0 i.0 1.0 1.0
Type of Correlated if
Observations Correlated| Correlated| Correlated | Correlated w'M-1w < 104, ]Correlated Uncorrelated
Images 1-3-5-7
for all others
Origin Used Inner Inner Inner Inner Inner Inner Inner
Scale Used Inner Baselines | Baselines Heights Baselines Baselines | Baselines
' and heights (additive| and heights |and heights and heights
{additive term -15m)] (additive (w/o addi+ (additive
term -15m) term -15m) tive term term of
of -15m) -15m)
Pegrees of 10207 10213 10261 10255 9403 10261 10928
Freedom
V'RV 82523.5 82821.3 83597.6 83229.4 74165.4 83854.1 127274.4
o,(a postori) 2,84 2.85 2.85 2.85 2,81 2.86 3.41

06
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in Table 4.9. (Coordinates from other solutions are in the Appendix.
Standard deviations of both types of coordinates are also given with

the parameters of the error ellipsoid. The first page of the Table ex-
plains the format and the units used. The full variance-covariance
matrix for solution BC-Dé6 cannot be presented here due to lack of space.
However, the correlation coefficients pij between the coordinates of
stations i and j (the off diagonal 3x3 matrices) are listed in Table

4.10 where P33 > 0.75. The same type of table for the BC-D3 solution

is given in Table 4,11, The 3x3 correlation coefficient matrices with
any element greater than 0.99 are marked by asterisks. Comparison with
Table 4.2 reveals that the two station pairs with the very high correla-
tion have their relative positions constrained, therefore hiéh correla-
tions are expected. The correlation coefficients between the coordinates
of a given station, i.e., the 3x3 matrices along the diagonal of the full
correlation coefficient matrix, were less than 0.5 for all ground
stations.

4.2 Comparison of Results

Several comparisons of the results were performed: a statistical
comparison, a comparison with geometric information, and a comparison
with dynamic solutions.

4.2.1 Statistical Comparison of Results

The statistical comparison was that described in [Fedorov,_l972,
PES 51-56). This is a method of determining “which of the two different
experiments is the best." The technique is to take the variance-

covariance matrix of the parameters from two different adjustments,



TABLE 4.9

CARTESIAN AND GEODETIC COORDINATES

(SOLUTION BC-D6)

Sca . No

x th Y i . i o
X

] [-] ) ) H U

a) A | 41
a; L.V Ty

LE Ay T3

Ka¥a?

LT

Cartenlan coardinates (n metoras(Orleatatlon: x = the
Greenwlch merldian as defined by the W Ldl.; y @ 4 =
90® (B); £ = Conventional International Origin}.

Geodetie latitude and longltude in gngular units
{degrees, minutes and seconds of arc) computed from
the Cartesian coordinates and referred to a rotatlonsl
ellipsoid of & = 6378155.00m and b = 635676%.70m.

Geodetic (ellipsoidal) height in wmeters referred to the

same €llipsoid.

ax,uy,uz Standsrd deviatrions of the Carteslan coordinates in

o,,0

¢’ A

21,41,T1 Altitude (elevation angle), azimurth end magnitude of the

87,7,z Bame as cbove for the mean axie of the error eliipsoid,

&83,A3,7; Seme as above fox the minor axis of the error ellipeoid.

naters.

Standard deviations of the geodetic coordinates in seconds

of arc.

Standard deviation of ¢he geodatic height in meters.

aemi-major axis of the error ellipsoid, respectively.
Angles in degreen, megnitude in meters. Alcitude is
poritive above the horizon. Azimuth ig positive east

reckoned Erom the north.

22



TABLE 4.9 (cont'd)

3450563 .84 3,09 ~1389966,3] 2.77 £180229.69 3.63
T6 30 4.55 | 0.10 291 27 55.18 0.50 205.62 4 .00

0.1k 51.94 3.565%

=17.93 78.33 3.3

-8.26 ~14.36 2+39
1130758 .45 2.97 ~4830847.71 2,52 3994704 .06 3.0%
39 1 39.07 0.10 283 10 26.64 0.10 helS 2,00

T bk =2.71 3.38

N.91 87 .41 2.99

~82.31 C4el% 2.0%9
~?127839,92 ?.62 =3785870.51 2456 46560320,97 3.09
«7T 11 5,97 10 240 39 42.%7 0.10 343,38 2,00

20.54 8.94 3.2%

=0,29 98.85% 258

~69.,46 a.08 2.37
-3851797,.83 %29 398404,77 .10 5051322.61 85.05
52 42 47,99 0.20 174 T 26.8% 0.30 35,25 5.00

19,89 32.2h bu65

57.16 ~91.83 5.17

~24,98 ~48 .03 3.18
2102925.0% Z2.460 T21645,.03 3.35 5958171.52 Z2.98
&9 39 45.17 0.10 18 5¢6 76,83 0.30 101.46 3,00

-5.79 134,09 3.55

T3.20 67.32 2.90

1%.30 =-137.78 2 hds
4433646 .05 2.96 ~22608156.33 298 3971850.97 3.65
38 45 34.19 0,10 332 54 24,15 0.10 94,91 3,00

20.85 ~18.88 3.78

11.79 TH .48 3.06

65,76 ~16&6 .68 2471
3623240.75 4.13 ~5214258.%55 3.45 60153413 §,30
5 2& 53.28 0.20 304 47 39.64 0-10 =-16.73 3.00

3,53 -15.82 P

10.0¢ TheB1 “a.11

-79.32 55'10 3.20

93
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11

12

13

15

16

19

TABLE 4.9 (cont’d)

1280R823.106 4,71

-0 5 5l.92 0.20

930
17.70
~69.86

-5466029.106 4,12
20 42 28.40 0.10

2Go18
59 .46
-21.91

~5858559 .04 3,59
19 17 27.89 0.10

26.39
22.56
=54 .25

~315650891 .08 4525
A1 23 42.4% 0,20

~tp ol
42.10
f -47.56

24604364.13 2.70
18 14 25.92 0.1¢

Z2.80
31.00
58,84

4RYEABE 90 230
37 26 38.%1) 0,30
0.5%

23 .3?
o607

220064611 .66 3.86

~31 56 35.52 0,10

-11.89
~14,%9
71.01

6250976033
281 34 46460

-20.59
TF2ub0
&2 .90

—240464629.92
203 446 38.49

32.22
83.49
528

1394495 .54
1466 36 £0.3%

5.05
-96ﬂ-,4
=41.93

4120693 .82
130 52 17.98

-134,10
-4B.13
-39,23

it 169 .31
59 37 4440

28,62
63,06
-123.27

13161646.75
15 2 &&,el

139.14%
&8 .88
~129,50

—4916565.T1
294 33 3T.42

18443
11157
T0.T3

4,37
0.20

6.48
4069
4022

3.87
0.10

P ¥}
6013
3.38

%.23
0.10

4.T7
4,27
3.54

5,60
0.20

6oT2
456
378

3,415
0.10

3.56
2.10
Zohah

2.8%9
0.10

.06
Fatd
Z.19

3.T2
0. 10

4.70
3.88
Joh2

-10813,.68
270¢1.59

2242209 .08
3077.39

20931793,15
-1.23

3303612.97
72.03

3750308.00
926,91

3856659,21
8.14

~33%5432.85
&£34,01

&Dzl
4,00

4,82
%00

5,52
4,00

3.31
3.00

4,49
% .00

94
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22

23

31

32

k1]

3%

TABLE 4.9 (cont'd)

~1880625,12
=27 10 36.24

5. 74
0.20

—dpdy .90

-29.36
~30.75

~6099963 .34
=14 19 54,56

3,93
0.20

~12.32
6T .42
~1B.62

~4955380 .48
~10 3% 3.4D

3.20
0.10

T57
~T obile
79.21

-43123822.27
-46 24 58.07

.48
0,10

“~T b5
~38.94
~50.02

~2375426.16
=31 50 25.99

Ik
0.10

=25 .40
1l.62
& 54

~R160989.14
18 43 57.87

2.93
0.10

5.13
~29.92
~59 055

~3T24776.32
~25 4 46.73

b.46
0,20

~38 14
—hi 77
20 .49

=5354908.80
250 34 21.87

'10.‘05
113.64
=134.81

—99T362.81
189 17 9.14

22465
144.33
-T1.57

D4H2227 .47
142 12 40.54

22.064
-6&.“"
~112.20

891323.89
168 19 32.89

~114.35
«~18.12
146,43

4875525 .40
115 58 33,64

-1.63
-20.86
254

-5642722.80
248 2 40,91

-5 T0
-BlaTh
76.5)

=4&421242.58
229 53 12,39

85.14
=56.04
12.20

4 .48
0.20

5.99
5.87
4.30

4411
0.10

5.55
3.93
3.82

3,01
g.10

“‘-28
2.32
2.65

3.04
a.20

4,11
3.83
.14

317
0.10

3.86
3.51
3.08

3.1
o.lo

4.50
3.13
2.79

5.7%
Q.20

6.59
6,32
5.04

-28957TT1.87
243,01

=1568592.08
38.25

=1163857.646
105.08

=459726%.95
—0.55

~3345427.38
C=11aT4

2035359.96
-‘0-39

-2684101.58
333,17

584
6,00

Se3b
4 .00

3.82
3.00

5.80
6.00



40

42

43

4h

45

o7

50

TABLE 4.9 (cont'd)

bo T2
0.10

~T4198T.44
=12 11 43.9%

=387
-33.94
55.T6

3.4}
0.10

4900 TH0 47
8 46 12.53

1.99
1& .40
TSa.hb

4,33
0.20

1371359.1%
=52 46 52.79

-18,5%7
-3.68
~T1 .04

&‘ 9?
0.30

1098883 .63
=53 1 10,44

-24.14
=14.75
60,30

3.50
0.10

3223422.80
=20 13 53.57

-1% 535
67,89

~3361970.34
s %% 20.21

4.03
0.20

12.76

67.05
-18.74

1192663.96
—64 4t 26,25

5.52
0.30

-14.%30
1.28
=T8 .44

61907469 .,42
o4 50 4.28

-10.63
22.00
13.49

396823505
38 39 52.21

0. T6
=B89.T75
98,60

~3514ATEHT 6F
290 && 32.07

12.98
104,22
=1%5.00

36B4590.18
T3 23 36.37

19.82
a1
=18.42

5045320.3%
57 25 32,71

&.71
=88 .94
=23 &0

5365704 .20
122 4 10.18

-9.10
=131.43
0L .69

245102747
295 36 50.79

b416
95,82
-178.11

3,62
0,20

4.82
el
3.0

3,28
0.10

3.92
3.55
3.11

4o27
.20

5.58
4,15
374

4a39
0,40

8,53
T.22
$.20

kP
0.10

4219
368
3.23

4,14
0,10

5.T%
4,08
&a02

6,32
Q.40

0025
b.Th
%.30

-1338543.07
"71 oﬂﬂ

96632734
1A31 .42

~5065956,83R °

102.35

~507108084.22
21.10

~2191806.21
97,37

T63610.75
51.32

=5T4TO58 042
Al.64

4o25
4,00

3.91
3.00

5.03
4,00

5. 70
4 NN

6,21
3 .00
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52

53

55

59

&0

&1

TABLE 4.9 (cont'd)

1111322.72
«47T 36 %.87

4.9
0.10

=18,71
=48.31
35.623

~902418,85
-66 16 45.48

babd
0.10

-17.15
=10.30
7.6}

&4.62
0.20

-131086),.25%
=77 50 40.92

21l.66
=14 .62
=53 .,44%

3.74
0.20

6l1B3RT .62
- T 58 15,71

-310.27
30,27
5T.68

«~5885340 .45
2 0 18.14

3.78
0.20

13,53
-21.92
-43.686

~&T51643.60
=30 18 34.49

3.32
0.10

1.85%
=~16.,40
T3.49

2999903.86
-54 17 1,69

4.22
0.20

11.30
-38.18
%9 .56

21869248.74
&2 52 24.92

-49.50
62.85
26 .45

2409507 ,49
110 32 10.72

10.98
-131.77
-43.16

311248.58
166 38 35,27

157.28
~118.66
119.88

~157175% .41
345 35 33.6%

6.4
90 .41
-66.86

=2448374.79
202 35 186,50

12.50
6.94
-48,13

2792039.78
149 33 42,26

~144.71
=55,.26
48 .45

~2219381 .41
323 30 19,14

125,67
44,71
22.10

~SBT4347.42
22.51

-5816559.31
=2.56

-6213282.87
~43.7H

~BTB41B.02
61.27

2214663.01
29.468

—-3200168,80
222.73

=51%5273.61
14.33

4 .50
&, 00

Sebb
6 .00

435
‘0-00
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-1

65

&6

57

éa

&9

TABLE 4.9 (cont'd)

S8B4470.82  2.81
14 44 42,10 a.1¢

10.96
22.57
bébG

L0ZA3B& .69 306
12 T 54.57 010

~2 .06
BT.73
0.%96

42135862.18 2.27
&7 48 & 3% 0.10

-ba.17
9.54
7961

-588585561.01 3.39
19 17 28.76 010

26,06
22:64
«54 .28

$186402.25 4,23
- 5 55 39.35 0,20

%55
37.04
—52 .59

5084823.85 3.76
=25 52 B9.7¢6 0,10

-24.83
4% ohb

ZF.TH

&OTA&21.T3 b.79
=37 3 54,41 0.30

-F.96
16.Th
T0 .37

-1853501,10

© 342 30 59.48

Tb?
102.31

 —105 42

16127924 .49
15 7 6,62

=3 T4
~28.T4
R6.22

620825.27
11 1 24,51

137.19
48,23
«165.24

13946652,.19
166 36 41.78

5,32
L
5] .09

=36539%54.36
324 50 3.54

42,02
128.57
137.99

28T0328 .47
2T 42 23.3%

=185
~-5¢,09

TZ2s62

~10860 80,87
347 41 4.26&

li.4%
.41
-59.07

2.89

0D.10

&o29
3.01
264

2286
0.10

2.80
3.04
2,83

2092
0,310

3.15
2.61
1.91

ba2b
0.10

4.78
4a28
3.54

4253
0.20

6.0%
3,87
3.69

3e22
0.10

%00
3T

322

705
030

8.40
T.27
5.94

1652845,7)
- 31.7%

1331723.00
268,14

 4702776.01
951.16

20938190.81
=022

=454298,58
22,05

=-2T68097.01
1505, 47

-3823193,50
3549

b4el6
3,00

3.75
3.00

2.59
200

4, TH
‘.m

S¢17
4 .00

4 .80
4400

8.14
5.00

98



T2

73

75

78

1t

i23

13%

TABLE 4.9 (cont'd)

—9417D4.81"
18 46 10.55

ba.14
0.10

~la2?
60.57
29 .40

3.68
0,10

19051246.73
- 721 ¢b.088

-12 -79
39.76
47 40

4.12
0.10

0281047
- & 4D l&.81

-22.87
38.04
43.22

.77
Q.50

~5952297.468
=17 &1 31.77

16,26
=14 .63
-&7T 085

~24hBB61.T2
34 22 5397

3.04
0.10

B8.79
556

-188180%.73
71 18 47.37

5.30
0.20

2.04
4R .49
~hL.24

~24%B915,48
34 27 43.B8

3.04
0.10

8.55
5.87
=T19.61

596743] .33
°f 58 3.88

=T5.34
12,49
=164 6%

603226%.39
72 28 21.71

~14 .39
64.72
-%0.09

5238225.36
S5 28 48.40

-20.91
9] .62
45,74k

1231A93.65
166 19 25,52

-9.82
5 .45
34,42

=& 7995 .39
242 1% 5.50

0,24
21.10
33.08

=812443.30
203 21 5.7%

5T w43
~30.7T8

=45 68085 . 4b
242 19 5.28

~1.87
89,01
33.10

4430
0.20

&.22
4.79
3.90

3,92
¢.10

4obb
4.02
3.53

394
0,10

4 47
4.12
3.79

3-36
0,30

18.90
T+69
5.71

2.75
.10

3.37
3.27
2.22

4 .94
0.60

5 eG4
5.12
2.97

2.75
0,10

3.38
2.27
2.22

203920R, T4
231.28

~810735.14
~110.23

~515950.02
500,54

=1925980.18
T4 31

A82750.92
2259.50

4019581.22
~2.069

582445 .59
2173.52

4,54
5 .00

447
4.00

o34
‘IM

13.39
T.00

3.19
2'00

4.98
5.00



STATION TO STATION CORRELATION COEFFICIENTS pij

TABLE 4.10

(SOLUTION BC-D6)

STAND. 11 WITH 5TA.NO.
0.627 -0,118
"'0-055 0083"0
-0,0%2 —~0 . 2%%
STALNDO. 16 WITH STAND,
Qa.732 0,023
D015 U.856
-0.289 -0a.1B4
5TANO., 23 WITH STAJNO.
0.836 G.251
0.182 0,788
~0a 226 -0,173
STALNOC. 3B WITH ATALNO,
0,823 ~0e113
=0.042 O ude 34
Oelbs -0.,097
STANG. 50 WITH STAND,
0,225 =1,371
0.108 0.798
-0 077 0377
x > .
pij 0.95

b9 * STAJNO.
-0, 0%2 G994
=0ul45 =-0,100
0.317 ~0.162
&5 STANG.
~0a.274 0.717%
-Del%2 C.178
0.697 0o D&t
H0 STANG.
=-0,132 0.B48
-0.017 0.342
CGabhl -0.021
111 5TAMNO,
0.148 G.829
=0 .040 =G, 040
0.383 0.165
&1 ® STAWLND.
0.097 O.931
~0.059 “0.207
0,275 0.090
TABLE 4.11

111

>0

WITH STANO,
~0s 100
Q. 99%

-N, 029
WiTH STAWND,
O.12%
0.607
Calll
WI1TH 3TALND.
G.25%
0,557

-0,.023
WITH STA.NC.
-0.,112
0.436
-G,199
WITH STR.NO.
=-0,208
0,98%
O0,132%

STATION TO STATION CORRELATION COEFFICIENTS p.. >
(SOLUTION BC-D3) '

€TANG, 11 WITH STAWNO,
G607 -0.207
=0.132 CuBhl
0.013 ~0.312
STALNG. 16 w1TH STALNO.
0.746 De*34
0.C36 Q. keSS
~Qate?d =0 239
STAGND. 22 WiTH STALND.
0.B816 0.309
N.2606 0.775
-0.277 -0« 097
STALND. 50 WiTH STALNQD.
0.220 Q376
0.158 0,825
=007 =0a 433
¥p,, > 0.9

1]

59

~0,.033
=G 180
G+ 346

-0.397
-0.2%0
3720

=0.217
0.034
N, 696

0.136
~0,172
Q.279

% STAWLND,
0.997
~-0,038
—0. 043
STALND.
0,764
0,219
0.075
SThoND.
0.835
Q.363
~0.128
®STA,.M0.
0.997
-0.241
0.173

ij

12 WITH STA.ND.

~-0,038
Q.94
"0.089

19 WITH STANO.

0. 145
0.565
0062

31 WITH STAND.

D.28Y
0.520
"0.019

111 WITH STALND.

=0.240
0,995
0.237

.75

&b
-N.147
-0,029
(1,996
43
0L.034
0, 08%
0563
&0
-0,088
~=0.171
N.&08
134
NelbY
=0,06]1
0,384
134
0.08y
0.136
0.992

0.75

&6
=-0,043
-0,088
0.798
43
0.0%1
0,012
0,492
&0
=0.179
=0.1B4
0572
13%
D.172
0.237
Q996

100
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Subtfact one from the other, and then test to see if the resulting
matrix is positive-definite. 1t is possible to use this test to make
comparisons between all possible combinations of the different adjust-
ments listed in Table 4.8, However, the only comparison made was that
between the critical solutions BC-D3 and BC-D6. The constraints used

in these two solutions were identical, but BC-D3 used all observations
whereas BC-D6 used only observations to images 1-3-5-7 for the highly
correlated events, The test indicated thét BC-D6 is preferred to BC-D3.
If this test is valid, it means that the addition of the highly corre-
lated observations actually caused the adjustmenf to deteriorate,

Table 4,12 shows the average standard deviation of the coordinates

TABLE 4,12
AVERAGE STANDARD DEVIATIONS
{METERS)

Solution a o H
BC-D1 5.6 S 6.1
BC-D2 6.4 - 8.3
BC-D3 4.6 3.9
BC-D4 | 4.6 4.0
BC-D6 4.3 3.9
BC-D11 4.6 3.9
BC-D13 3.5 | 3.3




i02

and heights for the solutions. The averapge standard deviation was

computed as follows:

Oxz + 0y2 + 022
c = 3

The results of solutiom BC-DI3, thg adjustment using uncorrelated obser-
vations, are significantly lower than any of the other adjustments. It
can be seen that the addition of weighted heights decreases the standard
deviation significantly, whereas, the omission of tﬁe geometric scalers
has almost no effect. Also, the addition of highly correlated observa-

tions (BC-D3) makes the results somewhat worse (compare with BC-D6).

4.,2,2 Comparisons with Geometric Information

The geometric info;mation avallable for. a comparison of the results
was the eight measured baselines and the station heights. To fepeat the
differences in the solutions: BC-D3 and BC-D6 had constraints on chords
and heights (with additive term), BC-D2 had chord constraints and no
heights, BC~D4 had heipght constraints (with additive term) but no chords,
and BC-D11l was identical to BC-D3 but the heighf constraints were with-
out the additive term. The BC-D13 solution had the same constraints as
BC-D3 and BC-D6 but the correlation between observations was neglected,

4.2.2.1 Chord Comparisons

Table 4.13 shows the differences between the adjusted and measured
chord lengths for each of the solutions {see Table 4.3 for the megsured
chord lengths),

The results indicate that the sum of the differences in solution

BC-D2 (scalars constrained) is even greater than those in BC-D4 (height



TABLE 4.13

CHORD LENGTH COMPARISONS

Adjusted Minus Given Length

BC-DZ BC-D3 BG-D& BC-D6 BC-DLL BE-DL3
Line © poR n PPM m ppN n pp¥ n PP m ppM
2-3% 0.5%2.9 | 0.14 5.9%2.6 [ 1.69 | 15.5%6.1 | 4.4 5.3%26 {153 9.4%3,2 | 2.69 6.2%2.4 | 1.77
3-111 0.9%1.5 | 0.65 1.5%.s {1.06 | 13.0%.1 | 9.09 2.0%1.4 { 1.40 1.6%1.5 | 1,28 ] 2827 2.00
6-16* |- 0.1%2.4 | 0.03 2.8%2.2 { 0.78 6.6%.2 | 1.81 1.6%2.2 | 0.44 5.0%2.2 } 1,42 2.4%3.9 } 0.67
6-65 3.4%2.3 1 1.37 | 6.0%2.1 { 2.45 | 20.2%3.9 | 8.20 s.etzn jroazl etz [ a2 | eaTie | 2.6
16-55 2,243 ] 1.88 | - 1.7h, 1.66 | -1a,2%3.7 [11.90 22tz jrsel - 1atis |19 | - 2aateiz ] 204
63-64" 3.7%3.3 ] 1.05 7.7%2, 2.21 | 14.5%.1 | 4.1s g.6¥2.9 | 2,477 11.5%2.9 | 3.32 | 10.5%3.4 | 0.20
23-60 |- 6.5t3.4 ) 2.83 | - 0.9%3.1 | 0,60 | - 1,781 | 0.73 0.2%3,1 | 0.08 2,1%3,1 | 0,93 | - 0.3t3.7 | 0.15
32-60* |-25.7%.8 ) 8.13 | -12.2%3.9 | 286 | -12.0%.0 | 3.0 | -1a.9%3.0 | 4.72] - s.etae | 1.86 | -17.2%2.4 | 5.0
sam™  |-28.1 176 | 3.3 |oean| 227 1.42 0.8 0.05| 22.4 1ar | 1.6 0.1
Average™ 2.43 1.78 2.99 1.85 2,05 1.67

"c«:mputed from independent leong line only (marked by ¥),

€01
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constraints only). This probably is due, again, to the erroneous mea-
sured value of line 32-60. Leaving this line out of the comparison, the
sum in BC-D2 decreases to -2.4m (.19ppM), while in BC-D4 increases to
34.7m (2.71ppM), which makes more sense, and serves as another indica-
tion of the problematic nature of line 32-60. The superiority of solu-
tion BC-D6 over BC-D3 is again evidenced, though not very significantly.
The same can be said for the uncorrelated solution BC-D13 over BC-D6.
The results of BC-D1l indicate that if the small differences between the
adjusted and measured lengths are to be maintained, the inclusion of the
additive term is justified.

In solution BC-D4 the large differences found at the short lines
(3-111, 6-65 or 16-65) are due to the fact that with a high satellite
1like PAGEOS their lengths can not be determined accurately. For the
same reason, the inclusion of their measured lengths as constraints to
determine accurately the positions at Stations 111 and 65 is a must,
though their effect on the global scale is negligable.

4.2.2.2 Comparison of the Geometric Solutions

Anothef method of making a comparison of résults is through coordin-
ate transformations and residual analysis. This is a least squéres ad-
justment where the observations are the coordiﬁate difference of the
adjusted station coordinates from two different solutions. The para-
meters are the three translations, three rotation angles, and the scale
difference. The method of computing these parameters is described in
[Kumar, 1972), For this investigation, solution BC-D& is referred to
as the standard solution and a transformation was performed between this

and the other solutions. The results are shown in Tables 4.14 thru 4.18
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where the parameters DX, DY and DZ are the three translations (in meters),
DELTA is the scale difference (in parts per million), and OMEGA, PSI and
EPSILON are the three rotation angles in seconds of arc about the Z, ¥
and X axes respectively. The positive rotatiomns are counter-clockwise
when viewed from the positive end of the respective axes towards the
origin, The units in the variance-covariance matrix for the elements
corresponding to the rotations are radians, squared.

Table 4.14 contains the results of the transformation between BC-D6
and BC~D2. The effect of the missing heights in BC-D2 is ?ery noticable
in the difference in scale. It is also noticable in some of the re-
siduals (e.g., Stations 44, 123) where the improvement coming from the
heights is in evidence.

Table 4.15 contains the results of the transformation between BC-D6
and BC-D3. The systematic differences between the two solutions appear
to be insignificant. An examination of the residual differences, how-
ever, shows some approaching the 2¢g value (e.g., Station 123), The
addition of the highly correlated observétions in solution BC-D3 seems
to have caused a possibly significant change in-some of the station
coordinates.

The results given in Table 4.16 between BC-D6 and BC-D4 show the
scale difference to be insignificant even though there were no baselines
constrained in BC-D4. The residuals are small and within the noise level.

Table 4,17 contains the results of the transformation between solu~
tions BC-D6 and BC-D11. The elimination of the additive form causes a
noticable difference in scale. The residuals are smaller than those in

the transformation between BC-Dé and BC-D4.



TABLE 4.14

TRANSFORMATION: BC-D6 - BC-D2

SCALE FACTOR AND ROTATION PARAMETERS CUNSTRAINED

—

5

SOLUTION FOR 3 TRANSLATION: 1 SCALE AND 3 ROTATION PARBMETERS

OE:

0 .549D+00
0.6 ?4?—04
—0.2035-03
=01130-0%
U430~ L
G b § 7D~

0.1020-10

0.L0UD+01

C Qa1u50-03

=~0.9410-02
CadubflicQ2
Qe3ut=01

0.5210=03

-

(USING VARJANCES ONLY}

D.6810~02

DX by 2 SELIA OMEGA- 47 EPSILON
METERS METERS METERS (X1.D+6) SECONDS SECONDS SECURDS
“0.7% 0404 ~0.15 =3,42 —0.08  ~6.02 0.08

VARLANCE - COWARLANLE MBTRIX

0.52

02674D=04 =0.2030-03 ~0,1130-09° 0.9435~10 0.677D<0% 0.1020-10
a2 0D+G0 ~0,1840=03 =0.2%60~10 Q.,4450~09 ~0.4360«10 ~0.514N~09
~0.1840-03  £.6390400 =0, 159009 0.3180-10 -0.329D-09 0.3490U=09
~0.256D-10 ~0.1590=09 0.323D=15 =0.149D=18 ~0,265D-18 0.6£0D-18
Uaéa%0-09 023350~10 ~0.1490~-18 Q.LTOD~15% =0,579D~1& 0.2730-16
—0.436D=10 =U,3290=09 =0,265D-18 ~0.579D~1¢ 0.8530-15 0.581N-17
~0.5180-09 0.3490-09 0.660D-18 0,2730-16 0.581D-17 0.652D-15

" COEFFICIENTS OF CORRELATION

0.1550-03 =0.3790=03 -0,9410-02 0.5440-02 0.3460-01 0.$210-03
01000901 ~0.3550-03 ~0.220D0-02 0.2650-01 -0.2300-02 =0.2740-01
~43550~0% Go100040G1 ~6.1110-01 0.1640%02 =0.1410-01 0.150D=01
—0.2200~02 -0.1110-01 0.1000401 —0.3210—03 —U.5050~G3 ©.1260-02
0.2650-01 0.1640-02 -0,3210-03 0.1000401 ~0,7660=01 0.3610-01
~0.2300-02 =0.161D=01 —0,5050-03 -0.7660=01 0.1000+401 0.6810-02
—0.2740-01 ©.150D0-0F 0.1260-02 0.361D-01 0.1000+01
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TABLE 4.14 (cont'd)

ARESLOUALS ¥

i st e

v1{ 8C4=-0¢6 ) V2{ BL4=D2 }
=(1.5 1.3 1.3 1 Gub =«1.9 =4l
O ot =1 =-0e7 F ~(eb (LI 2s7
=<0 Uate 0.0 3 3.0 =1,.2 =Uab
=31 3.b -{al & 5-8 et O b
-t B U.2 [V Y ] b 1.9 =023 =2.06
lL.% =1.7 1.8 T =5.17 2ot ~hae?
-2ub lets =0.7 8 ety =~5.% 0. B
-Z2e3 1“. G.l 9 2¢B -50‘! =0al
=l.t =34 1.9 11 L3 5.0 =3.3
145 —4,7 0.3 12 =6.3 Tall =Uad
3.6 =Ue2 =43 i3 7.1 G 1143
~{ale 1.2 =10 15 0.8 =2.% Fs
0.9 1.7 ~0.4 16 =4,0 =2.1 2.3
=16 1.1 =09 9 z.3 -3.3 7.0
~2a7 . 0.3 0.7 20 3.7 =is0 =l.1
Gel =245 3.8 22 =Du% 2e9  ~hal
2e2 -0.9 D.3 23 =T.9 2.5 “Uaé
2a2 ) O.% 31 =-6,.1 -lab =1e?
2 =0,2 =247 32 ~4.5 Q5 5.5
~2.% =0.1 =1.2 a8 “e3 de3 2.1
0.7 0.4 2al 39 =1.3 =0.9 =-3.%
2.h 0,9 =0.1 40 =-2.86 =2.8 0.1
=0.3 Ue.3 0.3 &2 0.9 =0.5 =U.4
-1.3 1.8 ~0.7 43 1.5 =3.4 2.0
=1.6 O. 7T =3.e L] L.7 =0.% R.1l
=06 0.b 2.0 3] le7 =-1.7 ~-3.1
] -0,.8 0.9 47 =4,5 22 ~-keld
=1lal lats =0.4 50 1.2 =1.7 1.8
=1.6 0.2 Oe 51 1.8 =0.3 —0.9
=0T =~0G.2 0.7 52 0.8 0.3 ~1.7
~Ual 1.5 U.b 53 Gal =lett =Zeo%
0.9 =043 =2.4 56 ~3.0 Lot 2.8
~0.b6  =2.3 Ze4 49 lats de5 =2.1
2.3 ~=1.0 =0.3 60 =T.6 2.0 (1P
~0.8 1.0 ~-l.5 61 1.4 ~1l.2 4al
U9  =1la2 0.2 63 ~&.3 1.2 -0.3
Uat Loii =0ab L R T ¥4 0.8
(%) 1a4 Oel 6% 2.2 =l.7T =0.3
1.% =4.7 0.3 b6 —b.3 TeQ =U.b
0.6 =12 ~2.1 6T =l.& 1.8 243
~1.3 u.5 2«2 3] 3.9 ~0s7 ~3.7
Q.0 1.0 =3.7 69 ~l.1 ~lal Haty
~2.3 =3.0 =2.2 ¥4 2.2 10.7 “al
Gal 0.8 0.7 73 =0.1 =245 =08
-lel Dot Ceb 75 20 =0.9 =U.T
2.0 0.9 =0.0 78 ~9.9 ~-}.2 0.1
=le4 -lLe.8 =042 111 2ab 3.0 C.t
1.2 1.5 L7 123 =B.2 ~1.9 =Z23.5
-1 ok ~0e8 -0 o2 134 FIY) 3.0 Q.8

=11

~5 .0
-%.0

-2.7

7.6
-8.0
=-5.1
=-6al

T.8
10.7
"'1-?

“,9
~3.9
-T2

0.1

~k3.7

Lo
2el
=3.8
Gats
=3.7
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SOLUTION FOR 3 TRANSLATION, 1 SCALE ARU

of =
09 25D=-U1
=6,1120~04
~0.8030-04
a1 11D-30
=0.1810~10
U1 880-09
Ue2740~11

VL.l 0ot +0)
=041 200~03
=G P3I0L=~03
~0.8350-02
=0 7&0=02

Caten20=0)

0+6450=05

 TRANSFORMATION:

TABLE 4.15

BC-D6 - BC-D3

SCALF FACTUR AND ROTATION PARAMETERS CONETRAINEC

- —

3 RUTATION PARAMETERS

{USENG VARIANCFS ONLY)

DX DY DZ DELTA NMEGA kil EPSILON

METERS METERS METERS {X1.D+&) SECUNLCS SECONDS  SECONDS

Q.22 -0.1% 002 =0.01 .09 002 0.06

VARIANLE - LOVARiANCg MATRIX
0.17
-Dalizb*O«.-U-BOBD-Gﬁ «U.111D0-30 -0.1810-10 G.1880=09 0.2740-11
.922D0=-01 ~0.1100~04 U,2420-1) 0,6280<10 ~u,7850-11 ~0.132D-0%
=0,1100-04 0.128D+00 =0,1730~-10 0.56920-11 -0.92&0~10 0,1469D-10
Go24%20+11 =0 Ll730-10 (,)B6D~16 0.5020-20 0.1110-19 0.6290-19
UebZB0=10 U.6420=11 &.5020-20 0,156L=1% -0.137D=36 0.5650-17
~0, 785011 =0 9260D=-10 0,1110~19 ~0.1320-16 ©.1920-15 0.3060-17
—0.1330-09 0,1690~10 0,6250~19 0.5690-17 0.3060-}7 0.194D=-15
COEFFICEENTS OF CORRELATION

=0,1200~03 ~0Q.7330=03 -0.6350-02 =0.4760-G2 Q.4420-01 0.0450-03
01000201 =0.101D0~03 0,183D~02 0.146D-01 -0.1850-02 -0.3120-01
~ualUD=03 0.1000+46] ~0.,1110~01 0.15%0-02 -0.1670-01 0.338D-02
0.1830=02 ~0.111D-01 0,1000+01 Q.9320-04 0.185D-03 0.10640-02
0old6D=01 0.J158D=02 0.9320~04 0.1000+01 -0.T7610-0F 0.,329D-01
~Ue1850=02 =0.1370~01 0,1850~03 ~0.7470~01 0.100D+01 0,1580-01
=0:3320=-01 0.,3380-02 0.104D~02 0.1580~0F 0,100D+0]

(e3290-01
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111
123
134

TABLE 4.15 (cont'd)

RESIDUALS V
VIl BC4-DE } v2{ BC4-D2 )}

6.3 1.4 Ga.2 1 =0,4 =t.5 =0.2
=G5 ~0.5 ~0.4 2 0,5 0.5 0.5
=l =U,3 0.2 3 0.6 Us3 =0.3
~3.7 42 =2.8 L] 4.8 5.9 ok

Ul C.2 =08 [ =Dal bt 1PV 0.8

0.5 Gt 0.2 T ~0.9 =0.4 «,2
—1.2 b 1191 ] 0.7 8 1.2 ety ~0.7
=1.2 =~0.7 0.8 & 1.3 G.8 ~U,%
~0.7 =70 - uie 11 0.7 2:1 0.5
=U.3 =3.u G.B 12 0.2 3T ~0.9

30 1.7 -3.1 i3 =24 =2.3 . 5.9
=0.3 G =03 15 0.3 =~0.4 0.3

0.9 Qud  =Dub 16 «~0.9 0.5 0.0
b B 0.8 -0.9 19 La2 «-O. b 0.9
=l =0s1 =0,l 20 1.7 Ged Oel
=0.3 =1.7 2.8 22 G.3 1.8 =2.

Gty =07 0.7 23 -G, 6 Ge? [T

0.5 0.7 =041 31 ~0.5 ~-0.7 Ve

2.7 =0.7 2.1 32 -=2.& Q.7 Z2a
=19 ~0.7 =~1.2 ey} 2.4 0.8 1.
=0.,7T =iab 0.3 s 0.7 G.4 =0

1.9 1.9 0.5 %0 =2.0 =19 -e

0.3 =0, 0.9 42 =0.3 0.1 =U.
-G.7 1.3 =0.5 %3 D7 ~-1l.3 g.
=1.2 =0.& «0.4 hdy 1.3 Ga.b LLI

0.1 1.0 2.1 45 =0.l =10 ~2.4

23 =0.4 2.6 47T =2.5 Vvt =2.9
7.8 Vet =04 50 0.8 =-0.o LA
“l.3 ~0.5 0.1 51 1.3 0.5 =0,
~1.2 0.5 Uel 52 1-2 005 0.l
~0.7 a3 ~DL0 53 Q.7 =-0.3 0.0
~0.0 0.7 ~0,0 55 0,06 =047 Q.0
=0.2 ~1a.1 (15 ) 0.3 1.2 ~0e5

D8 =0t =UaZ 60 =~g.H Tube a2
=0.3 0.3 ~0.6 [} 0.3 =0.3 Dt
—-u.2 0.4 Ot 63 Gal2 =0.4 =L.b
~0.2 =~0.1 Ok b& 0.2 O0ul ~0,4

0.7 0.9 -Q.1 b5 =0, 8 -0.% 0.
=03 =3,0 0.8 13 0.3 2.7 -0.%
"0-3 OQﬁ -U.U 61 0.3 -0.5 [1 19 4)

0.2 [ 1.3 68 -0 2 ~043 ~le3

0.l 1.7 0.0 69 =0.h =l.6 00
=3.¢ =2.b 0.2 T2 4l das —U.3

Ve 1.2 1.0 T3 0.5 =l.7 =1.0
0 b 0.2 i.0 75 Gtets =0,2 =1.0

leb 0.6 -1,1 L] =11 0.7 1.1

0.k 0.0 0.0 itl -G.6 <=0,0 =0.0

1.2 Lot 0.3 123 =T7.8 =T7.i =~0.7
Qube G0 0.0 lié =0.6 =0,0 —0.0

Vi - w2
0.7 £
=l.u =0.9
=led ~0e&
-28,% 10.0
0.2 G2
1.0 0.7
~del2 =1.3
=28 =1.5
=lady 7Y
=0.6 ~b.b
beh LY )
0.4 C.8
1.8 0.9
~2e3 1.&
3.3 ~0,2
~0eb -3.5
lai -".‘t
1.1 1.5
5.5 =1.5%
—hed =1.5
“1s5 =%
.9 3.7
0.t =0,2
=laé 2.5
=25 ~1,2
0.2 2.0
4.8 —0.B
=~l.& 1.2
=2«% =lal
=2st =l.0
~len b
=13 lots
=05 =Z.4
l.6 =0.4
-{i.7 0.5
-0ab 0.7
“~Oed ~ba2
1.5 1.8
~0el6 =Gt
~0.7 1.2
Goh &5
[+ | 3.3
=Ta2 =bu2
Ve 2ok
-} el D-“
23 le3
1.0 0.0
Yal Han
1.0 C.0

Oun
-0,9
05
=T.2
=1.5
0.3
leb
1.7
-0.9
1.7
~8.0
~0a. 6
~le2

=1.9

~0a2
5.7
=1+4h
~0a2
=4.3
=2.5
0.8
1.0
1.8
~1.0
=0aH
deS
5.5
-”.8
0«1
Ga2
-0at
~0al
0.9
=~Uat
~1.2
le2
0.9
-0.2
1.7
"'0-0
2aty
.0
0.5
2e0
2.0
=~2e3
Ul
l.0
0.1
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SOLUTION FUR 3 TRANSLATION, 1 SCALE AW[t 3 ROTATION PAKAMETERS

TABLE 4.16

TRANSFORMATION: BC-D6 - BC-D4

SCALE FACTOR AND ROTATIUN PARAMETERS COWSTRAINED

——

oh =
N.2230+00
=0,278D-04
~0.1371D-03
-0 ,4990-10
-0 .5250-10
0.3900-09

O.kUbD=-11

u.xouuoﬁl
~0.1250-03
=0.521D~03
=0eill0-014
~ B EaD-02

0.388D-0)

LW 0I0=03 -

par—

fUSING VARIANCES ONLY)

oY DY Dz DELTA OMEGA PSi EPSILON

METERS METERS METERS (X],0+b6) SECONDS SECONDS  SECONDS

.33 =0.02 —0.46 0,09 —0.08 -0.01 006

VAR 1ANCE - COVARIANCE MATRIEX
0.39
—~0.2780-06 ~0.1370~03 =0,4990~10 —0.5250=10 0,3900-09 0.408D-11
042220400 =0.4240-04 0.,801D-11 0.1340=09 ~0,1590~10 -0.286D-0%
U 424D~0h 0.,311D+00 ~0,709D=10 0.1580~10 =0.2050=0% 0.664D-10
PaBR1ID~11 =0,709D-10 0.9120-16 ©0.2210-19 ©0.5150-19 0.3050-18
0.1340=0% 0.1580~10 0.2210-19 0.3630-15 =0.3060-16 0.123D-46
“0.159D=10 ~0,2050=09 0.51%0-19 ~0.306D=18 0.45%50~15 0.6100-i7
~0.286D~09 0.664D-10 0,305D-18 0.133D~16 0.610D-17 0.457D-15
CUEFFICIENTS OF CORRELATION

=0.1250~03 =0.5210-03 -0.111D0-0) —0.584D-02 0.388b-01 0.%030-03
0.1000401 -0,1620-03 0.1780-02 0.1500-01 -0.1580-02 =~0.284D~01
=0.1620-03 0.1000+01 -0.1330-01 01490072 ~0.1720-01 0.557D-02
0.17R0=02 =0.1330-01 0.1000401 0.1210-03 0.753D-03 0.1500-n2
0. 1500=-01 0.14%0-02 0.1210-03 0.1000+01 -0.7520-01 0.3270-01
“o1580=02 ~0.1720~-01 0.2530=-03 =0.7520=01 0.100D+01 0.134D-01
~0.284D=0)1 0.557D~02 ©0.150D0-02 0.327D~C1L 0.134D~01 0.1000+01
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TABLE 4.16 (cont'd)
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SOLUTION FOR 3 TRANSLATION,

8 =
0.106D+00
-0,1290-04
~0.89%D=04
=0asl&20=-10
=0 42050~10
0.2120-0%
Q.3100~}1

0.1000+0)
~0,1220-03
~0,?221D~03
~U,H3TD-02
-0.4760~02
Co%420-01
0.844D-03

TRANSFORMATION: BC-D6é - BC-D11

TABLE 4.17

SCALE FACTUR AND ROTATEGN PARAMETERS COMSTRAINED

1 SCALE AND 3 ROTATIUN PARAMETERYS

DX
METERS

Q.36

0.19
~,1290~04
0. 106D+00
~0.1280=04
04309011
C.T110-10
-0.8890~11
=0+ 1500~-0%

-0.1220~-03
0.1000+01
=0.104D0-03
0.1940-02
CelbbD-01}
-0.1850-02
=~0e3120-01

DY
METERS METERS (Xl.D+#&) SECONDS

~{ o 40

- -

(USING VARIANCES ONLY)

nZ

0.38

NELTA

2.28

OME LA

=009

VARIANCE - COVARTANCE MATRIX

-0 .8950=04 -0,1420-10

«0.1280-04

0.3050-11

0.l4%0+¢00 ~-0,2200-10

=0.2200~10
0.,7840~11
={.1Q50-09

0.1910~10

0.2400-18
Qo4 2U=-20
0.1420-1%

0.6040~-19

-0.2050=-10
0.711D-10
0.,784D-11
0.6420=20
0.1750-15

=0.1500~16&

0.644D-17

COEFFICIENTS OF CORRELATION

—0.7210-03
~0.104D-03
0.1000+0}
=~0.1180=01
0154002
~0+1870=~01
G.3380=02

-0.8870-02
0.1940-02
=0.1180-0i
0.100p+01
0991004
0. 1960-03
0.3110~02

~0.4760=-02
Cal66D~01
0.150-02
0995004
0.1000+01
~0.76T0+01
0.3290-01

49

-0.01

0.2120-09
~0 .B80%0-11
=0.1050-09

Qale2D~1%
~Gal500=~16

0.2180=1%

0.3460=17

0 ak420~D1
-0.1850-D2
=0 187D=01

0,1960~03
«~0.76TD-01

Q-IOOD*DI

G.1580-01

EPSILULN
SECONDS  SECONUS

0.09

0.,3100~-11
=0.,1500-09
0.1910~10
0.B040D~-]9
0.4440-17
CedtbD=17

0.2190-15

0 abiiD=-03
~0,3120-01
0.3280-02
0.1110-02
0,3290-01
G+ 1580-01
0.1000201
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TABLE 4.17 (cont'd)

RESIDUALS ¥

e S AP A A S

v2i 8C4~D11}

Y1l BL4-06 }

= i S s e e

D8 =1
1.6 Q
=0ud 0
LTy -5

0.8 1.0 =0.3
=led =02 ~0.0
0a3 -0.8 =0l
-3.5% Gel -~3.0
t.3 Ge3 =1.9
Q.4 1.0 0.9
=~le4 =D.8 1.0
=l.7 ~0.8 1.0 l.8 Ue.B
=07 =149 =0.% G 7 2.0

1
2
3
&
& rmlad =@
7
B8
o
11
U5 =2.9 O3 12 (1193 3.0
13
15
14
1%
20

0% =l.l
le% 0.8

2.7 1.7 =3.2 —3.0 =2,
=00 =0.5 Oguh 0.0 0.5
Ue3d 0.3 0.5 «0.3 0.3
=1.5 Q.7 =1le4 1.5 ~=U.7

=lsh  ~Gel 0.7 1.5 (179
=0eB =Lat 2.3 22 0.5 1.5
Ot =0.T7 =1.9 23 ~0a.% 0.7
U3 1.0 =U.% 31 =G.3 =1,0
2e2 =0.7T =2u& A2 =2.3 0.7
~le3d =0.7 =0Ou.b EX] leta 0.9
0T ~0eh =0ub L 0.8 [+ )
1.4 2.0 G2 4O ’1-5 ”2-0
0% 0.0 l.2 42 ~0.%5 O.b
=il 1.4 =l.1 43 lei ~law
=18 =0.7 =1.2 hb 1.0 LI
0.3 DuY 1.6 45 =0.3 =0,9
Ze0 ~0.3 2a2 47 =2.1 0.3
~1le3 led =12 50 1.3 =1.0
=15 =05 =045 51 is% D%
~1 b =0a3 =-0.5 52 l.6 0.3
=1.0 C.5 ~0.6 53 Ja ~0,5
=0.7 1.3 1.0 55 Qad =)ok
=0t =1e0 0.l Sy Ouste 1.0
0.5 0.1 =0.4 60 ~U.5> =0.1
= eb Oetr =1a3 41 0.6 =lay
«045 1.2 1.6 63 0 =1.3
0.6 =1.3 1.3 &4 Dats 1.2
0.7 J.6 =0.0 65 =UuT =D.b6
~UeBd  ~2.9 0.3 [ 0.6 3eb
-3 1.2 Tt 67 0.3 =1.2
Outr =0.1 Dy 68 =0.4 Gal
0.2 2ab =042 6% =0.2 +~2.5
=3.7 =2.7 0.2 T “4a7 3.3
V.4 1.2 0.8 72 =0.% =l.2
=0.3 0.4 0.8 75 Ue3 =0,1
1.l 0.8 =2ua MM ~l.1 =-0.8
1.2 a3 0.9 111 =le7 -0.2
1.3 1.2 v.3 123 ~B.6 =—b.%
1.2 0.2 0.9 134 =1,7 =0.4

Outs
U0
0.1
de
?.0

=0.3

-9

2otk
=1 .0
-O. ?
«1.0

vl -~ ¥2
1.6 2.1
=31 Q&
0.7 =-1l.6
~8.1 10.0
2ot he?
0.7 2.1
~2.8 =l.5
=3.5 -1.5
=15 =3.4
=l.1l =-6.6
5.7 4.1
-0l -1.0
Dub -n.&
~3.0 1.5
«2.9 =0.1
=1.0 -2.9
0.7 -1 ed
Oets 2.1
4.5 =l.4&
=2.% <=l.b
=t.% =0.8
Z2.9 3.v
1.0 =1.2
~2.4 2.7
=31 =1.3
(N 1.7
4.1 =06
-2.4 2.0
-3.1 ~1.0
=-3.2 0.7
~2.0 1.1
-0.3 2.7
0.9 =2.0
1.1 0.1
“iel a3
=1a0 Lats
-1.3 =2.5
ll". l.a
=1l —t b
~Cab 2els
0.8 =-0.2
[ 5.1
-8 ods -5.9
0.9 2e5
-0.5% .3
2.3 1.6
2.9 0.7
F.? 1.7
2.9 0.7

-0.7
=Del
=0.1
=78
=3+9
1.8
1.9
20
-1.1
.o
-8 0%
i.l
1.0
=28
"1-5
&, 7
“«3e7
~0.B
—ie9
=1.7
-0.8
N4
2a%
~2e2
~Z.3
3.7
ﬁﬂb
2.2
~lel
~l.0
~Ta1
2.1
0.1
-0a7

.-2'5

3.2
2.5
~0al
0.t
e
1.8
—(eks
0.5
) Y
1.7
—4.7
1.9
1.0
1.9
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TULUTION FOR 3 TRANSLATITING

i —— v - = b i B

of =
0,655D~01
- . 5840-05
=0 ,46BD-04
~Q.6260~11
=0 a1060-10
G.133D-09

0.1990~11

¢.10000])
~0.8930-04
=U.6130-03
—0.6850:02
=0 403002
0.4 540~0}

0«6 TBL—03

TRANSFORMATION:

TABLE 4.18

BC-D6 - BC-D13

SCALE FACTOR AND ROTATION PARAMETERS CONSTRATNED

- —

-

I SCALE AMD 3 MOTATIUN PARAMETERS

LULING VARIANCES DNLY)

DX oY DZ DEL1A UMEGA LY EPSILON

METERS METERS METERS (X1.D+&) SCCONDL  SECONDS  SUCUNDS

017 0.05% -0, 50 0.01 0.02 0.05 -0.02

VAR JANCE - COVARIANLE HATRIYW
0.15
~0,5840=05 =0,4680=-04 ~0,6260~11 ~0.1060-10 q°1330-09 0.199D-11
0.6530=0L =0.146D=08 0.1150=11 ©0,3520-10 «0.4780-11 ~0.P8BD-10
~0.1460-04 0.8880=-01 ~0.1180~10 0.#140-11_*0.5!09-10 0.1%70-10
0. 1150=11 =0.1180=10 O0.128D~16 O0.565D-2Z1 N.3680-20 0.3870-1%
1a3520-10 O0.4L4D~11 0.5650-21 0.1060-15 -0.9230-17 0.2970~17
~0.4780~11 =0.5160~10 ©.3680-20 =0.9230-17 0.1300-15 0.201D-17
=0,56860-10 0.1970-10 0,.3870=-19 0,2970-17 0.2010-17 Q.1370-15
COEFFIC LENTS OF CORRELATION

=0.8930-04 ~0.513D0=03 -0.605D-02 =0.403D=02 O.4%4D=01 0.678D-03
0.1000+401 =0.2920=-03 0,1260-02 0.1340-01 -0.]1464D-02 =0,3370-01
=0,1920=03 0.100D+0} ~0,1100-01 0.1350-02 -0.1520-01 0(.5770-02
0.1280+-02 =0.1100=01 &L,i00D+01 0O.1%0-04 0.901N-04 0.943D-02
Cel34D=01 0.2350=02 0.1540=04 0,1000401 -0.7840-01 0,2510-01
“0s1640=-02 =0.3%520=01 0.9010=04 =0.7840=-01 0.1000+01 ©6G.1530-~01
=0.3370-01 0.5770-02 0.9430-03 0.2510-01 0.1530-01 0.1000+0)
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TABLE 4.18 (cont'd)

v

RESIDUALS

—— 18ty e e e
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The results given in Table 4.18 show the differences between
BC-DG'and BC-D13 solutions to be insignificant with the residuals small-
er than in any previocus transformations. These results are in agreement
with those of the North and South American sub-network described in
Section 3.2.1. The conclusion there was that the use of only the better
conditioned events, plus images 1-3-5-7 from the highly correlated
events gave results similar to that of using all observations without
correlation. The only noticable change between solutions BC-D6 and
BC-D13 is in the °, (a posteri), shown in Table 4.8, and the station
coordinates o's shown in that table of adjusted station coordinates in
the Appendix. As with the North and South American sub-network, the a
posteri 9 inereased to 3.4 ( the a posteri o was in the range of 2.8l
to 2.86 for all other solutions) and the standard deviation of all sta-
tion cecordinate components decreased.

A comparison of residuals for Stations 65 and 111 (in Tables 4.14
through 4.18 shows these to be smaller in solutions that have the chords
constrained. The fact that chords 3-111 and 16-65 improve the positions
of these stgtions is not surpriszing. As mentionéd earlier, these lines
are too short to be determined accurately from observations on PAGEOS
without some additional constraints.

4.2.2.3 Height Comparisons

The idea of the height comparison is to compare undulations com—
puted from the geometric solutions with some reference undulations cal-
culated from an independent method. The reference set selected was that
of [Rapp, 1973 ] based on combined satellite and surface gravity observa-

tions. Tables 4.19 and 4.20 contain the results of the comparisons. In

v



XO=

15,1

TABLE 4.19

HEIGHT RESIDUALS {SOLUTION BC-D6)

YQO=

NOSUGC

 2.91
=52.69
~40,38
=-2.58
11.30
4Tub2
=47 69
-3, 76
Ta93
~10.,08
19,20
-36.50
20.91
ba 32
=18sbkh
12.28
474 %0
~13.75
=27 %2
-53.04
=37.064
~53.79
-2%.52
3.32
2R, %3
=25.97
5749
Oubs
15.48
=T2+43
=2+91
2.Té
8,07
1.37
13.64
—ho 50
2Ta34
-10.,87
22449

161

2608

0=

N REF

1164
=36.90
~17.65

6e22

27.06

54 .00

le75

13275

34427
2067

3ATebh2

22.80

-4 o5

27435

6T9%

8,48
=-30.51
“35.47
bt 171
=38.11

-5.78

15.60

36461

~5 .07

6217

15.70

29.20
~56410

164286

L4607

27.33

11.28

2720

10,35

44423

13.74
~12,03

246,65

8.1

CONSTANT=z =15.3

NOSUGC-N RLF

=875
-15. 7%
=-22.73
=R ,A0
=15.76
Ll 191 )
«-19.38
=20.49
bel8
~23.82
~15,83
-1657
-l6.48
~13.49
*15-07
~20 o i
~22e43
3.09
-18.37
=204 30
~15.68
~-19.74
-12.28
~TabB
& 4068
w“15.24
=-13.72
-16.33
-19.17
-13-31
-19:.26
~0.91
=13.56
=14 ,35
184089
w2d 61
=10 .48
=2342%

RESIDUALS

£.00
-1 .ﬂﬁ
=798
b et
~i.02
Rs 36
=& o &4
'5'75
20,92
-3.,09
~0.33
~1.,0%
~1eT78
=1s7%
1.06
=0e33
=% .69
-7:68
17.823
~3a82
=5a61
=0.93
=5.00
2etb
Telb
=5elb
10,07
~0450
1.03
-1a58
~hoh?
lakl
—4a52
haB3
1.iR
~0a10
=215
—9.87
4a29
-8 450
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TABLE 4.19 (cont'd)

X0s 13.1 Y0= 2628 0= 8:1 CORSTANT= ~15.3

STN. NO. MOSUGC N REF WOSUGL~N REF RESTDUALS
69 13,05 25.%2 =12.47 2428
12 w62 ahB -40 439 ~22409 =Tadb
73 35428 =T3abh =11leb% .10
% ~58.53 =iy o %Q =lhe13 Oebl
18 4T.75 63,10 ‘ =15.35 a1

111 =iy8 o 6% '33.18 1204k 2428
123 =11.01 =1 %0 ~2.51 5413
136 ~-45.73 «33.19 -12.534 2021
AVERAGE SIGMA

~041474D+02 0a6229D+01

SEMI-MAJOR AX]S
6378140.20



TABLE 4.20

HEICHT RESIDUALS (SOLUTION BC-D2)

12.7

YOo=

NOSUGC

=1T+43
-T9.02
-53.00

" =19,01

"'11-69
3279
-82.01
-34.80
=220
=38.87
=lbalé
-40.18
~le 75

. =18.886

~Ta52
19,65
~37.10
—v4a 04
=T4. 00
—60.93
~70al3
—H9.51
=1 8440
19.61
- 791
32434
«18.70

—tp 0 69

-H2.912
-22.59
w-lZ2a%l
-1T+22
=164 50
—teld
-25.72

%418
-39.07
-H3el%
=264,90

28.0

0=

N REF

11.64
=36 .90
=1TedS

be22

27.06

54,00
28,31

16.73

175

13.75

34.27
-20.67

37.%3

2280

e T ]

2735

67.94

8.68
-30.51
—308.11

~SeT8

15.40

36,81

607

86217

1570

29.20
54410

lbe26

16.07

2733

11.286

2720

10435

&%.23

1374
=12.03

24,865

5a2

CONSTANT= =3T7.9

NOSUGC—M REF

-29.09
—lel2
=45 .35
=2%5.23
-3‘-75
=-21.21
~54.30
=51.53
~395
5262
=39.51
-39,18
&l.66
~32,95
=34.87
-68 .29
~45.78
-39,33
b T 4]
—32..02
~&3.73
=34 00
~17,00-
=&l .84
—29.83 -
-3*-‘0
-33.89
=36.61
-38 .85
=28 +48
-k o 55
-27.78
=33.3%
=34.07
&0, 05
—53.41
=3l.12
=-51.%5

'RESIDUALS

7.4&
=554
-8.78
11.34
-Z.18
15,36

-17.73
-l‘tc 95
32.63
-15-05
" =k3.84
-Za 9%
-2sb1}
5,09
2062
1.70
~11.72
~Be21
23.02
~2.T6
-TabB

%455
~Talb

2.5T
19.57
~5.26

6eT5

217

2.068
0o 24
~2.28

8.09
"7.97

8. 79

321

050
~3 448

=lbeb4
5ub5
L T L)
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TABLE 4.20 (cont’'d)

X0= 12.7 YO= 280 I20s 5.2 CONSTANT= —37,9

S$TN. 80, WOSUeL N REF NOSUGC~N REF RESIGUALS
&9 ~Ze 96 25.52 : ~28.48 B.09
72 b AL =40 « 39 =57.02 -20.4%
73 -103.22 ~Ti.64 -29.58 6.99
L] -81.33 —ah 40 =~36.93 -0.36
m 19,70 63410 -43,40 ~HeB3
111 bk o b5 =-33.18 ~31.47 Se 10
123 =14a 68 ~la40 =13.28 23,29
L34 ) “dhe Th ~33.19 ~31.57 5.00
AVERAGE SIGHA

«De3657T0+02 0411250402

SEMI-MAJOR AXI1S
6378110 .43
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the tables, NOSUGC denotes the quantity H-MSL-dH, where H is the el-
lipsoidal height from the geometric solution, MSL is the mean sea level
height, and dH is the changeAin héight due to the fact that the reference
ellipsoid is not geocentric, while the reference undulations (N REF)

are referred to the geocentric level ellipsoid. The coordinates of the
geocenter with respect to the center of the reference ellipsoid (x,, ¥y,
zo) were estimated from a least squares fit using the following model
[Heiskanen and Moritz, 1967, p207]:

N REF - (H-MSL) = Ax, + Byp + Cz, + Aa
where pa is the difference between the semi-diameter of the reference
ellipsoid and that of the level ellipsoid of the same flattening, and
the coefficients A, B, C are functions of the station locations., 8Since
the semi-diameter of the reference ellipsoid is known (a = 6378155m), a
by-product of the fit is the semi-diameter of the level ellipsoid best
fitting the geoid. These quantities for the different solutjons are
listed in Table 4.21.

In the height comparison tables, in case of é uniform global station
distribution, the average value of NOSUGC - N REF should be equal to the
additive terms from the best fit or the difference between the semi-
diameters of the reference ellipsoid and that of the level ellipsoid.

In the case of solution BC-D6, as seen on the last page of Table 4.19,
this value is -14.7m. The root mean square value of the residuals is
T 6.5m. Thus, the dimension of the level ellipsoid is 6378140.3 t 6.3m,
the same as in Table 4.2;. In the case of the BC-D2 solution, the re-

sults given in Table 4.20 show the semi-major axis to be reduced to
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- TABLE 4.21

SEMI-DIAMETER OF TEE LEVEL ELLIPSCID BEST FITTING THE
GEQID AS DETERMINED FROM THE DIFFERENT SOLUTIONS

a (level ellipsoid).
Solutions Xy (m) Yy (m) Zo {m) 6378000 + (m)
BC-D1 12.7 29.0 6.0 108.0 ¥ 11.3
BC-D2 12.7 28.0 5.2 118.4 T 11.2
BC-D3 14.4 27.6 8.0 140.1 T 6.5
BC-D4 14.3 27.7 7.5 140.6 T 6.6
BC-D6 15.1 26.8 8.0 140.3 ¥ 6.3
BC-D11 14,5 27.6 8.3 154.8 1 6.5
BC-D13 15.4 26.8 8.1 140.3 T 7.7

6378118.4m. The root mean square value of the residuals, however, is
T2 meters due to the lack of height constraints. Comparison of the
residuals in BC-D6 show marked improvements over those in BC-DZ, as
expected.

Other solutions produced semi-diameters as listed in Table 4,21,
The residuals from solutions BC-D3, BC-D4, BC-Dl1 and BC-D13 are similar
to those in BC-D6, and are not reproduced here.

4,2.3 Comparisons with Dynamic Solutions

In addition to the geometric comparisons described above, com-
parisons were made between solution BC-D6 and three different dynamic
solutions having common stations. These were solution NWL-9D of the

Naval Weapons Laboratory [American Geophysical Union, 1974], SAO-III of the
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Smithsonian Astrophysical Observatory {American Geophysical Union, 1974],
and solution GEM-6 of the National Aeronautics and Space Administration:
[American Geophysical Union, 1974). The comparison with solution NWL-9D
was possible because ground surveys tie 22 Doppler stations with BC-4
cameras., The Smithsonian Astrophysical Observatory had in their ad-
justment 48 of the 49 BC-4 stations (seven of these BC-4 cameras were
connected directly by ground surveys). The GEM-6 adjustment included A?
of the 49 BC-4 stations (sixteen commected directly by ground surveys).
The results of these transformarions are given ir Tables 4.22 through
4.24, Separate transformations were performed to compare BC-D6 with
SAO-III and GEM-6 solutions using only the statioms comnected directly
by ground survey. These results are given in Tables 4.25 and 4.26.

The shifts are within the ncise level of those determined through
the best fit procedure listed in Table 4.21. There the geocenter scems
to be very near to the geometric cénter defined by the center of the
best fitting level ellipéoid.

The scale differences are also negligably small. This is through
design by defining the scale of a = 6378140m (through.the a priori
additive term of -15m).

The w rotations are sizable as seen from the illustration in Figure
4.1, The largest difference occurs between the BC-Dé and the NWL-9D,
where w =063, which is about 20m on the equator. The differences for
'tﬁe SA0-11I solutions are smaller, but still significant. The GEM-6

solution has an o difference of less than 1m,



SOLUTLON FDR 3 TRANSLATS

TRANSFORMATION:

TABLE 4.22

BC-D6 - NWL~-9D

SCALE FACTOR aMD ROTATAN PARAMETFERS CONSTRAIMED

GM, & SCALE -ARD 3 ROTATEON PARARETERS

03,1

G.1730401
~0 2291002
0.6060-02
~0.8290-08
-0 4362009
0.103D-07
0.6020~(9

0.1000+0L
<0 6TD=02
@.2110-02
6 oty 14001
=02 930-02
0s } 00D+
005350-0?

DX
HETERS

19.82

2612
~0.2910-02
0176001
~0,2650-02
0.2220-08
0.353D=08
-0, 758509
~0.111D=-07

=~0o16T0=02
0,1000+0)
D iToU=02
Js0030-01
0.339D-0)
=0.7320-02
=+ 9%50-6]

DY
METERS HMETERS {¥1.Deb) SECGNDS

20.92

(USING VaRIANCES ONLY)

g DELTA

6,10 ‘0,37

OREGA

Q.63

VARIANCE ~ COVARLAMCE ®ATRIX

0.6050=02 ~0.82%0-08
=0e3450-02 0.2220-08
0.2180+0} -0.178D-07
~0.176D0=07 0.1050-13

0.2750~09 ~0,521D-17

=0,%720=08 0,4060-17
=0a1280~09 0.2940~16

«0.3020-0%
©.3530-08
0.2750-09

-0.8210-17
0.617D-14

—0.314D-15
0.6870-15

COEFFICIENTS OF CORRELAYION

G3310~02 ~0a6keD=01

~0.176D=02 0.1630~01
U,1000+01
“Bob170e00 Q21000201
0.2370-02 «0,1020-02
=0.4100=0]

~0.967D~03 0c324D~02

=0,2930-02

6,3390-0)

=0, 1072002

0.1000<04

0.5100-03 —0.%130~01

0989001

P51

~0.37

0.1030-07
-0.7580~09
~0.4720~08

0.4080-17
-D.314D-15

0.6090~1%

Oe3550-15

041000400

~0,.72320=-02

=0.11 7000 0.2370-02 =0.4310D-D1

.5100-03
=0e5130=-0)
0.1000+01

0514001

ERSILON
SECONDS SECDMDS

=0,27

0.6020-G9

~0,111D=07

=0.1260-0D9
C.2940-1&
0.6870-13
0.353D=15

Q. TA20-14

0.5180~-02
=0.%4%60-01
~0.92670-03
0.3240~02
0.9890-01
0.5150=01

01000001
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V1t BC4=Db )

e e . .

I.‘
~Oab
240
ba%
0.3
0.5
2e3
=3.5
0.9
1.0
=5el
~6al
-dy gdo
=Q.3
b.b
2a3
~iad
~7a?
~l.9
=1b
3.6
6.8

048
445
(a7
-12.1
=t.7
5.8
-5.5
2.8
1 99 ]
Q.8
=& ol

-5.8
=0.2
=-1.2
-3 .4
242
3.8
=30
3.4
~2..0
0.1

-5.9

-0.3
=Dal

[+ Y
27.3
-1 .1
1¢.1
=-0.0
wdal
=1.0

1.9
=T8

TABLE 4.22 (cont'd)

18
142
78
13%
B18&
615
811
708
817
812
17
744
809
831
847

19
722
805
822
830
115
717

RESIDUALS V

VZ( NWNL=-9D |

— . —— i t—

-0.8
0.4
~2.0
~1.7
0.2
=~0uZ
- T
*10.2
~0eb
~l.0
ke T
2.9
1.9

Q%
-3.7
u.5
245
3.4
~“2.5
la%
“f.¥
=-1.0
—0.5
Lats
-ha?
~lal
bl T
n.q
0.2
2+:0
=-Z+3
={a H
2.9
O.d
=1.0

2.3
0.2
0.7
0.5

.=la3

0.5
0.8
-5.7
le€
~0. 0
1.1
OII
0.0
=01
=5.7
0 5
=-2.1
0.0
0.8
0.8
=Oate
lo

Vi - V2
2.2 e
-loo B.Z
445 -1
Tab ~1h.b
Qe =11.3
O7 8.3
3.0 -=T7.4
13.8 8.6
1.5 2.8
2.0 1.3
=645 =&al
~¥.0 12.8
~0s3 4.3
~l.2 2.7
Bot  =4,2
2eB =]ab
“2e1 -7.5
=Fats 3.0
=3.0 Z2el
=3.3 ~7.5
ha9 -lal
8.9 3.9

~B.1
=04
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TRANSFORMATION :

TABLE 4.23

BC-D6 - SA0-II1

LCALE FACTUR AkD ROTATION PARAPEVERS CORSTAAINED

SOLUTION FOGR 3 ?EANSLAKIDNB i SCALF ARND 3 RDTATION PARAMETERS

of =
0.10L0+01
0793004
003 640=04
=~0.9910~10
0u13§D-GB
G.1190-08

" 0.1798=10

0.230Ds0]
0.8820-04
0.359D-04
=0,3080=02
0.3L20-0L
Ge2670-01

0.3730~03

METERS

DX

24012

0.81

0. 7930=0%
0.964D0400
0.50%0-03
Go8610~0%
0.258D=0%

DY
BETERS HMETERS §X1.De6) SECONDS

27964

US ING VARIANCES OMLY)D

Dz

-2.00

DELTA

Q.33

OREGA

040

VARIANCE ~ COVARIANCE HaTRIX

0.384D-08
0.5040=03
0.3120+01
=0 .T000-0%

0.1740-10

=0,991D-10
Q.86 1009
=0o T00D=0?
0:1020=14%
C.84TD-18

=0.638D~30 =0.T220-10 -0,1180~17

=} ¢ §%0R-08

0,8020-04
0.1000+D)
0. 484003
0a274D-01
0594002

=0,1360-02

={0:3¢10=01

0175008

0.2280=L7

¢.139D-08
$.2560-09
0,174D=20
Q.847D~18
- 0a1950~14
-0,2250=15%

=04193D=14

COFFFICIENTS OF CORRELATION

0.359D-06
0 04B86D-03
0.1000¢01
. 207D-01
0.3710-03
—0.14630-02

=0o349D=01

=0, 3080-0Z
0,2740~0}
=0.2070-01
01040903
0 .5990-03
=0.773D=-03
¢ 1510=02

0:3120~0%
0o 5% D~02
0.371D~63
0.5930-03
02100U+01
= o AGTD+00

=0.9Z0D=-02

Ps1

010

O.1190-08
~0.6300-10
=0.¥£20-10
=0.1180=17
0225015

0.2280=-14%

0.5535D=1&

0:2570-01
~0.L1360-02
~0.5430=-02
=0eTTED-03
-0.3070200

001000401

0.245D~01

EPSELON
SECONDS  SECONDS

-0.23

0.1790=10
-0.1400-08
=0,1750-08
0.2280=117
0193016
0.5550-18

Do229D~1%

0:3730-03
=0.30L0=01
=0 3420=-01

0:1510-02
=0.9200-02

0.2450-01

0.1000<01
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TABLE 4.23 {cont'd)

RESIDUALL ¥

o e e

V1{ HC&=DL ) v2( SAD-ILlIL) vl - v2
O.4 0.7 (.4 &O0]1 ~2.9 =4.7 =3.¢ 3.7 Tate 3.8
o T 1.0 &007 1-1 2.9 -a.e& =2.5 =b.4 1.5
~0.0 =0.4 (.8 6603 0.2 Eul) ~242 “0.2 -2.3 2.8
Gale =Dat 1.9 &600& <=4.7 3.6 =11.5 S.1 =d.l 13.4
—0.z =0.3 0.2 H006 2.7 2.8 =2.6 ~2.8 =13,1 2.8
“1.0 0.3 =1.0 AO07 1l.5 =3.& T.3 -12.5 3,7 -8.3
=0 1.1 -2e? 6008 Z2e3 "9.2 5.3 =2eb 10.3 -Tule
.2 1o =0.9 6009 =Tu? ~9.6 3.0 9.0 11.0 =-3.8
0.7 =2.0 %.0 6011 =0.4 12 =3u% lel =341 12.%
0.9 =0.3 =0.,2 $012 =F.0 2.0 1.0 G0 =2.3 -le?
2.8 lei 2.0 5013 =-9.9 =1l.6 -32.1 13.7 2.7 5.2
+~{sl b 1Y ] 0.5 ﬁOlS 1.1 3.9 -301 "‘1-2 -‘0-5 3-1
=0.2 =07 0.4 80L& 3.2 1.9 4.2 =3k =2,1 bob
£.0 245 =0.1 U9 =5.4 =~1.8 0.0 12,4 4,3 =0.1
Led 1.0 1e3 6620 =9.2 =10.7 =H.H 1G.6  1l.7 10,2
-0.1 0.1 0.1 6022 0.7 -0.T 0.2 =0.% 0.8 =0,3
~0.7 =041 ~=0.6 6023 0.9 0.6 l.2 ~lal =0.7T =1l.4
-0« “0.1 =1.7 6031 2.8 Q.4 5.9 =3.5 -N.% =T.h&
1.2 Qb he0 6032 -1B.3 =3.8 =14,1 705 b4 22.D
—Gal 0.0 U.% 6038 0.6 =0.0 <0.8 AT 0.0 1.2
1el 0.8 OC. 6039 =T.6 =7.0 =5,2 8.3 7.8 5.8
2.3 0.8 =2,5 4040 =10.5 =5.5 14,% 128 6.3 -17.1
=2a7 =2.4 0.3 6042 4,3 4.5 0.4 7.0 -7.1 0.8
ZeZ 0.9 =0.9 6043 —il.a -6.% 1.3 13.6 5.3 =4.7
1.2 2.9 .k 6044 =7.8 =22,2 =2.1 9.0 25.0 Z.b
“0.5 =0.5 ~=1.7 6045 2.0 2.0 5.1 248 =245 =bta.Y
2. 0.4 2.0 6047 ~12.T =h.8 =~b.2 lasd 5.7 8,2
1.2 18 -1.4 6050 =9,2 =10.0 B#.2 0.5 11.8 -9,&
15 Ool =142 6051 =T7.0 =0.6 6.6 Ba5 D.T =T7.8
2.6 0.8 =l.h BUS? —hhk.8 =~5.,6 S.b LTk bos =T.2
2ot 0.1 =1.1 6053 -11.9 =D.7 9.2 4.3 0.9 -)0.9
“1.9  D.4 1.0 . 60%% 10.1 =2.1 =~2.9 -12.0  2.% 3.9
=0.l (a2 0.5 60%9 0.6 0.8 ~-1.3 ~0. =10 1.4
-2.8 2.1 =5.3 606U 2.5 =2.0 4.0 ~5.3 4.2 =9,3
1.5 1.0 0.0 6061 =11.6 4.0 =0.2 13.1 4.0 0.2
~1.0 0.0 0.0 ADER 9.4 =0.)1 0.2 —i0.4 0,1 0.2
~0.8 =0.3 0.2 064 4.7 2.4 =l.0 -5.5 ~2,7 1.3
~0eZ ~0.3 =0.T 6065 4.8 3.2 1l.2 5.0 ~3.5 «11.9
—laf  Teb 4aT  GUET M5 =8.4 «Z.6 ~3.3 13.0 7.3
—5.3  =luh =143 H068 2.0 0.8 3.4 “Te3d =2.2 =17.8
~0u4 0.1 22 069 3.5 0.7 =13.4 =3.9 0.8 15.56
1.1 =-0.1 0.5 6072 =3.2 0.7 =3.0 4.3 =0.8 3.5
=0,2 =1.0 =0,7 6073 }J.} 5.7 3.2 =1.5 =8.7 =4.0
=0.5 ~1.0 =0.&6 HUTS 2.4 4,7 2.4 =2.9 =5.T7T =3,2
-6.% 10 156 . H0T8 22.6 =% =2T7e3 =2%.4  S.& w30
=0,8 +D.3 lub £111 G5 0.3 -], “l.1 =0.b 2.0
Ve =0ob4 10 5123 =3.0 3,0 =T.6 3ah =3ukh  B.T
~0s% =03 1a5 6134 (.86 (Oud =loh =l.1 =0.7 2.9
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0.1580+01
0 604003
-0 ,307D-04
=0 &&00-09
O.8110=-04
Q&L DGR

G.LB8TD-10

0,3000201
0.3500=03
=06l ID-04
=0 390001
0.,2110-01
0745002
0.3320-03

TRANSFORMATTON:

TABLE 4.24

BC-D6 = GEM-6

SCALE FACTOR AND ROVATION PARAGMETERD CONSTYRAINED

ey

SOLUTION FOR 3 TRAMSLATION: 1 SCALE aMn 3 ROTATION PARAMETERS

i e e - e e T e 0

fUS MG VARTARCES DNLY?

DX DY Dz DELTA DMEGA es57 EPSTLON
WETERS WETERS METVERS (X1.De6d SECONWDS SECONDS  SECONWDS
2677 226 &7 9.45 0.33 0,02 0.11 0.01
VARTANCE = COVARTANCE MAYRIX
0.61
0 ob04D=03 =0.30TD=0& -0.666D~-09 0.111D-08 0.417h=09 0,1870-10
0.113D401 0.2550=03 0.5490-09 0.3160D-08 ~0,1950-09 «0.5370-09
0.2550=-03 0.1280901 ~0.2920-09 0,1370-09 -0,14¢D~0F =~0,14630~0R
0.5668D=09 ~0,2920-09 0,1060-16 0,830D-18 -~0.9670-18 0,182D-17
0.160D-08 0,1370=09 0,6300-18 0.233D-14 ~0.254D-1% 0,233D-17
—0.1950~0F —0,.149D~08 -0.967D-18 ~0.254D-15 0.28530-1% 0.913D0=10
-0.5070=09 ~D.1430-08 0.1820-17 0,233D-17 0.9130-1& 0.2680-14
COEFFICIENTS OF CORRELATION
0.,350D=03 =0,413D0=04 ~0,1900-01 0,211N-0i 0,7430-02 0332003
0,1000¢01 D.212D=03 0,1600-01 0,311pD-01 -0,3360-02 ~0,1070-01
0.7120=03 0,100D40L =0,799D=02 0.2510-02 <0.256D-01 =0, 2&40-C1
0.1400~01 —0.7990=02 0,1000¢01 0.&060=03 ~0. 382003 0,1090-02
0.3110-01 0.253D=02 0,&040=03 0,100D+01 -0.1020+00 0.932D=-03
=0.356D=02 =0,2560=01 —0.5820~03 =0,102D+00 0.1000¢01 0.,34630-01
~ BNTD=01 =0.2440-01 ©0.1080-02 0.9320-03 0,3430-01 Oelooﬂﬂog
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11t
123
13

¥.l
=D .h
0.%
=00
-0.%
0.8
0.7
6.1
1.4
0.1
=1.2
=-0.7
0.2
0.A
0.°
=05
=0 ,5
4.8
1,0
D&
=1.8
=3.1
244
-0.2
-0,5
0.7
=-0,3
0.6
0.4
=.2
0.4

=1.3
3.1
-0.8
-0o7
-005
0.3
=-3.2

3.,
L
-0 .5
«1a.0
0.2
0.1
-1.0

VIl AC&~D6& )
~3.5% -G6,2
0.2 =0.7
0.0 =0,k
~0.0 0.6
~0ub 0.9
=0 0.5
0.2 0.1
N6 =h.b
0.3 =0.2
03 =0.1
0.2 =1,.0
0-0 o-a
3.3 0.2
0.3 Ouis
=0 .8 -0.8
=08 Qo
=12 0.5
2.7 1.2
-0,.3 ‘0-2
=0 .0 0.1
3.7 0.5
Dl =1.6
0.3 0.2
Za% -N.5
1.0 =0.2
0.3 0.2
0.2 D.2
3.3 0.5
1.0 ~ O.6
1.1 =~0.8
=1.5 1.3
el 0.7
-?-5 103
1.4 1.5
=0 0.9
=la1 Oob
~0.2 0.8
2] 2.2
l-s 1-1
=1.1 1.1
Teb ~0.h
1.3 —003
D2 =04
«0.0 0.1
=NeT =lab
1.0 =~=l.1
DT =1lab

“0s1

TABLE 4.24 (cont'd)

4002
6003
6004
4006
007
6008
&00Y
6011
4012
6013
&01s
A014
4019
6020
6022
6073
6031
6032
4038
6H39
6040
6042
6042
&04%
A&0&5
0467
6050
6051
60%2
an53
6055
&059
4050
4061
6063
60564
6085
a067T
60468
6069
4072
8073
407S
4078
6111
6123
6134

RESIDUALS V

e VL . ———

}

-1.0
3.1
=11+%
1%.7
.4
de o s
=5,2
1Y
~9.0
-1.1
8.8
7.1
~al
~11.68
=3.9
2.9
2.7
=15.9
-‘.9
-8,1
12.3
5.1
=1l.ts
0.8
1.5
a2
7.0
~3.8
=1.5
1.0
=1.1
el

14,9
Iub
245

1let
-1.3
1.3
=20.%
3.4
3.7
Tes

0.5
2B.t>

V2 GEM-6
3.5 0.3
"2.9 Be?
‘1-2 l“pﬁ
1.1 =13,0
8.7 ~11.6
8.2 -10.0
-2.5% -39
-0,% a9
=3.0 22
-ty ol 0.6
-1.8 R.1
=0.7 -8.0
-3.5 -0-2
~5.1 =7.8
6.2 5.5
Tel =h.4
Ta®@ 2.5
~1l.4 =—6.0
3.5 2.2
0.3 ~1.%
~20.1 =4,5%
-0,.3 3.8
«l,9% =1.0
=-15.2 3.2
-10-3 1.7
-3.5 -2
«1.3 =1.1
~[6.5 =4.3
=8.9 =4.5
5.1 4.0
A5 =Tl
1.1 5.2
11.0 =6.0
=1let ~&.2
5.9 =-9.0
&H.0 2.2
baly «10.9
11.7 =10.5
1.0 =]1.4
A3 =7.9
-13.4 4.0
=13.4% 2.0
“2s1 3.4
Q.3 =2.4
2.4 Tab
~24 .0 30,3
2ab Teb

Oude

vl - v2
=7.0 =0.5
3.2 -~B.A
1.2 =15.4
-1,.1 13'6
-G.h 12,5
-8.8 10.46
1 2,0
1.1 =9.5
3¢7 =244
“a9 ~N,7
2.0 =9.0
0.8 8.8
4.8 0.4
5.5 A,2
=T.0 -yl
-T.8 4.8
-9.1 3.0
1‘.1 7.2
«3.8 =2.4
-f,.3 2.0
22.R 5.1
Nels -~5.4
2.2 1.2
18.1 ~3.9
11.3 ~1.9
3.8 Zath
1.5 1.3
1%.8 4.8
6.9 S5e1
b2 —4.8
-2.9 8.9
~1.3 =5.9
~13.4 7.3
13.0 T.7
=6,5 10.0
=7.1 2e6
~4e% 11.5
-13.8 12.7
2.5 3.1
-9.3 9.0
15.9 ~4&.&
1l4.7 =2.9
2.4 =3.7
~-0,.3 205
=-3,3 -9,2
25.0 «31,4

-9.3

241
3.4
12.2

~16.3
-3,8

5.4

5.9
10.3
10.4

1.2
-9.9
-7.7

0.3
12.7

4.8
~3.4
3.2
20.7

5.8

8.5

142
-fA,3
14.0
=10
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TABLE 4.25

TRANSFORMATION: BC-D6 - SAO0-III (7 STATIONS)

SCALE FACTOR AND ROTAVION PARAMETERS COMSTRAINED

130

SOLUTION FOR 3 FTRANSLATION, ) S{aLE anD 3 ROTATVION PAKAMETERS

af =
(720D}
o2 39D~02
0.629D0=0]
=07 230~07
0.6970=07
0o1330-07
=0.2980-07

0oi 000201
=0 .343D-03
0.T690=02
=0 ,1020¢00
0. R0TDe00
0.8 T60-01

=0 o344 8-0}

fUSIM6 VARKANCES CGNLY?D

)8 DY DZ DELTA DHEGA PSI EPSILON

WMETERS WMETERS METERS (X1.De6) SECOMDS SECOMDS SECONDS

23,50  26.51 =1.32 0,19 0.26 =007 =010

VARIANCE — COVARIAMCE HATRIX
1.85
=N.2390-02 0.629D=0} ~0,7230-07 O69T0-0T 0.1330=07 =0.2980-07
0.676D40)  0.3850-01 0:8150=07 ©.,70AD-0F7 ~0.117D-07 ~0.4760-07
0e385D0~0% 0.886De01 -0,303D-07 0.438D-07 —0,957D=07 =0.iclD-08
0.BI50=07 =0.3E3D-07 0.6900=13 0.6020-15 -0.130D=14 0,4970-1%
0.7060-07 U.4380=07 0.5070-13 0,5880-13 -0.64%0~14 <0 ,280D=13
=~0. 117007 ~0.957D~07 =0,1100~14 -0.644D=14 O0.8080-13 0.201D-}3
~0:4760~07 ~0.8610-06 0.49T0=15 ~0.2800~13 0.2010-13 0.1040<12
COEFFSCLIENTS OF CORRELATION:

~0e3430=03 0.7EY0=07 ~0,1020900 0,1070200 0,174D=01 =0,344D~01
0o3000+G1  0.098D=07 0.1190900 OLLLZ0¢00 ~0.199D=01 =0.5470=01
Bo4BBO~02 0.1DUNP0L —=D.401D=01 D.4080-01 ~0,1130¢00 =D .1680¢00
0o 1190400 =0.401D=01 0.1U00¢0) 0.945D=027 ~0,L6M=01 0.%860-02
01120400 0.0080=01 0.94350-02 01000001 ~0.9340-0) =0.3570¢00
=Q.3390-01 =0.1130+00 ~0.14T0-01 =0.934D=01 0.100D+01 0.219D¢00
.30 70=01 ~0.1680060 ©.3860-07 Uo 219000 B.E00DoDY

=0 o35F0 00



11
13
14

o7
&8
11

V1{ ACa=0& )

v -

-1-9
3.8
f.1

~he2

~1.8

-1.3

-3a7

~0.3
F |
246
~3.3
St
bl L]
=0

54
2.2
=21
2.6
“.9
=1l

-

TABLE 4.25 (cont'd)

6611
6013
6019
1%
6067
HO6D
6111

RESIDUALS V

e e s . 2 s o

vzl Ssap-1l1}

e s e e s A it

1.0
-146.0
5,4
1.9
l.4
0.5
3.3

Ga2
-3e2
=1.9

545
=kl

07

N.8

=240

-3eh
la
~3ed
=2+
2.8
0.5

vl -~ V2
~2 e ~0.5%
13.8 5.3
3.5 4%
=3.1 ~-H.,8
~3.2 10.0
~LeB -2.2
~4.5 =la4

1

[

[ SR NTLEY |

P 2 - -t
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TABLE 4.26

TRANSFORMATION: BC-D6 -~ GEM-6 (16 STATIONS)

SCALE FACTOR AND ROVATION PARAMETERS CONSTRAINED

SOLUTION FOR 3 TRAMSLATION, 1 SCALE AND 3 ROTATION PARAMETERS

{USING VARIANCES OWLY)

X v nz NELTA  NMEGA  PSI FPSILON
HETERS METERS METERS (X1.N+b6) SECONDS SECONDS SECOWDS
26.25 22,06 9,72 0,30 0,02 0.08  -0,05

VARJANCE ~ COVARIANCE MATRIX

% = 1.02

132

0319D+01  0,L,127D=02 0,2210=-N2 ~0.134D=07 0,.100D-07 0,407N=-NR =0,3200-0%

0,1270=02 0.2990¢01 0.563D=02 0,964D-08 0.1730=0T =01.396D-NA -0,722D-08

0.2210-02 0.5630-02 0.3%55D001 -0.5350-08 0.3670-08 ~0,202D-07 ~0,1640~07

~01340-07 0.944D-08 ~0.5350=08 0.1200=13 0.270D-14 —0.47TD=16 0.6F10~10

)
0-1000-07; 0.1730=07 0,367D=08 0N2700-14 D.148D0-13 —0,2890=1% ~0.103D~14

O.QOTD-ﬂG>-0.396D~OS “0,2020=07 =0.4770-16 =0.2890=14 0,1930-13 0.165D~14

=0:3200=09 =0.722D=08 ~0.164D~07 0,691D=16 =0.103D=16 0,1650~14 0,1790-13

COEFFICIENTS OF CORRELATION

01000401 ©.4170~03 0,56580D=-03 —0.6820=-01 0.4640-01 0,1640-01 -0.1340-02

0.412D=03 0.1000+01 0.173N=-02 0.498D-01 0.8300=-01 =0.14650=01 ~0,3120-01

0.636D=03 0,1730-02 0,1000401 ~0,259D=01 0,1810=N1 ~0,7730=01 =0.6500~01

«0.60820-01 0.,498D0=01 =0,2%90=01 0.1000401 0.204D=02 =0.3130=02 Q.4710~02

0.666D=01 0,830D-0% 0.15610=01 D,204002 [ 100000F «0.1720+00 -0 ,4636D0-01

0:14640=0]1 «0,14650«01 =0.,7730-01 ~0.3130-02 ~8.172D+00 0,100D0+01 0.80880-0)

~“0e134D~02 =0.3120=01 «0.650D=-01 0.471N-02 -0.624D=0]1 O0.888D=01 0,100De01
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TABLE 4.26 (cont'd)

RESIDUALS V

Vit BC&-D& ) VIt GEM-4 1} vl - v2
2 =3.3 0.% 1.2 5002 A4 =07 =-1.2 =h.7 1.2 Zobs
3 0.3 =05 =04 &40N3 =3.3 6.7 3.1 3.6 ~T.2 =2.5
9 0.2 0.2 0.8 AN0%  ~3.1 =2.,9 «~h.2 3.3 3.1 Tel
11 1.0 =4.2 5.9 6011 =1.0 4.5 =46,0 2.0 =R.é 9.9
15 0.1 =09 =1.3 6015 =-l.b6 7.2 .7 1.8 ~A,1 =11.n
19 2.7 0.4 0.9 H01Y  ~4.0 0.4 ~D,7 7.7 N, 1.6
a2 7?9 1.1 4ot 5032 ~12.1 ~5.4 =15.1 14.% 6.5 19,6
40 3.8 0.5 =2.0 6040 =20.5 «4,2 13.5 2442 4B -1%5.5
42 0.1 =1.4 =3.3 6042 -0.2 3.4 5.5 0.3 ~%,8 -8,8
53 1.3 «0,9 =0.,2 6053 =6,2 “.6 0.8 Tab =5.5 «0.9
55 «l.b 1.5 05 AO55 8,2 =8,2 =1.7 -G8 9.7 2.3
&0 =2.3 1.2 ~1.5 H0H0 10,0 «5.5 5.5 =12.3 6.7 =T.n
64 =1.2 0.5 =07 &D64 &.1 ~3.0 2.% =7.3 3.5 =3.3
41 =2.0 2.3 [ Y 6067 11.5 =11.3 <=2.1 =12.5 13.6 2.7
68 1.7 l.6 =3.2 068 =1.1 ~=l.4% 1.2 2.7 3.1 -h4
111 =05 ~}.3 =0.1 6111 2.1 b.% 0,13 2T ~TeT ~0.4
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The rotations about the x and y axes are seen in Figure 4.2, The
largest differences occur with respect to the NWL-9D solution, but the
differences for SAO~-III are also significant. 4s with the w rotation,
the GEM-& solution was in better agreement. It should be noted that the
SA0-TXY and GEM-6 transformations which included only the stations con-

nected by survey agreed very well.

4
<
iy
a
L]
=
E
: i
L]
a o~ H
u2 B 3 a
k] = T
K | n A
) < B
g o - < P
W - { } ¢ EQUATOR E
5m I 10m l 15m 20m
o
=
hd
]
bl
=

Figure 4.,1. Dynamic Zero Meridians Relative to the BC-D6 Zero
Meridian
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-+ =10
NWL=-9D
SAD-131 4
»
4 —Sm
SAO-TII(7)
L ]
GEM=-8(18)
| ]
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A=270 ' { $
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{
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Figure 4.2. Dynamic Pole Positions Relative to the BC-D6 Pole
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FORMING NORMAL EQUATIONS USING CORRELATED OBSERVATIONS

The computer programs for the formation of normal equations using
uncorrelated observations is described in detail in the OSUGOP Report
[Reilly, Schwarz and Whiting, 1972]. The purpose of the computer pro-
grams describea in this Appendix is to form reduced normal equations
using the correlated satellite observations in the NGS/DOD (BC-4) world-
wide network.

The programs described herein are not incorporated into the OSUGOP
program. They are separate programs which result in the reduced normal
equations punched on data cards. These cards are then input into the
OSUGOP program for the adjustménts. Even though these programs are
physically separate from QOSUGOP, many subroutines from OSUGOP have been
incorporated. The program logic, up to the point of reading the ob-
servations, is the same as described in [Reilly, Schwarz and Whiting,
1972, pgs 7-9]. A separate subroutine had to be developed to read the
Type 11 data from the magnetic tapes, sort and ﬁerge the observations,
compute the matrix of correlation coefficients if needed, use either
full correlation or no correlation, and store this data on two disks
in such a way that the data could be processed. This is the subroutine
READIN. The subroutine ASD360, from QOSUGOP, was modified to read the
data from one of the disks for the purpose of computing the approximate
satellite positions, and from the second disk to form the A, B, W, M1

and all other matrices described in Chapter 2 that are necessary in the
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development. The subroutine DEDIT, from OSUGOP, was modified to com-
pute the approximate satellite positions from the observations and the
approximate satellite positions. The subroutine FORMRN, alse from
0OSUGOP, had to be modified to use larger sub-blocks in order to form
the reduced normal equations. The names of these subroutines, even
though modified, have not been chaﬁged in these programs. All other
subroutines except for the driver, MAIN, are the same as described in
the OSUGOP Report.

The reduced normal equations were férmed by two different tech-
niques, the generalized least squares and the method of observation .
equations. The only change necessary in going from one method to the
other is one subroutine. If the observationlequation method 1s used,
subroutine ASD360 is replaced by a modified version to handle the ob-
servation equation mathematics. It is not necessary to have both sub-
routines in the same program, since they both perform the same task.
The analyst should decide which technique to use. If it is desired to

use images 1-3-5-7, subroutines READIN and ASD360 must be modified.

Input to the Program

As with OSUGOP, the input is made up of card packets. The deck
setup is shown in Figure A.1. The entire program is input, either as
a source program or object deck. The description of the title packet,
datum packet and station coordinate packet are described in [Reilly,
Schwarz and Whiting, 1972, pgs 5-6]. :he problem codes card is used

only to define PCODE(l2) and PCODE(13), which are the following:
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JCL (End of
Deck)

Test Distance
Card

# of TFiles to b

End Signal

Station Coordi-
nate Packet

_j End Signal

Datum Packet

1 Problem Codes

End Signal
Zi Title Packet

Program

|

JCL

/
L

Figure A.l1. Deck Setup for Formation of Normal Equations from the
Type 11 Data
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PCODE(12) = 3 means read only the diagonal elements of the
variance-covariance matrix.
PCODE(13) = 1l means compute and print correlation coefficient

matrix for each station.
There are two additional cards required in the data stream to
complete the input deck. These are a card telling how many files
(events) are to be read from the magnetic tape, and a second card with

the test distance. The card formats are as follows:

File Card

Columns Format Contents
1-2 12 The number of files to be read

from the magnetic tape.

Test Distance Card

Columns Format Contents
1-10 F10.0 Rejection criteria, in sec-

onds of:arc, to be applied to
each observation during the
event adjustment.

The Type II data processed by these programs is on magnetic tapes,
and the subroutine READIN will read all the data. For each file (or
event) to be read from a tape, there must be a Data Definition (DD)
statement in the Job Control Language (JCL)Y. This means that if 90
cevents are to be read from a tape, there must be 90 DD statements. The

program was designed to process the data from only one tape. After
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the data has been processed the set of normal equations for that par-
ticular tape will be punched onto cards. Experience has shown that
when a data tape is being processed, the station coordinate packet
should include only the coordinates of stations that have observations
on that particula? tape. Otherwise, blocks of éeros will appear with
the punched output, with the number 1000 (nmot 999) at the end of each
row, and these must be removed before the QSUGOP program performs an

ad justment,
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COLUMN

1.

2a

3.

11.

12,

13.
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PRORLEM CODF ODEFIMITIONS

ME ANING
NVERALL PROBLEM CODE
PCODE(1de]l HMEANS DPTICAL PROGRAKGEONMETRIC WMODE, GSU FORMAT
7 MEANS RANGE GEOMETRIC MODE
4 MEANS  SOLUTION DMLY RUN
4 MEANS DORBITAL m0ODE ,OBTICAL NESFRVATIONS
5 MEANS ORBITAL MODE RANGE DASERVATIONS
& MEANS CRRTITAL MODE,MIXED OBSERVATIONS,
PCODEI1)=7 MEANS OPTICAL PROGRAM,GEQOMETRIC MODE, GEDS FORKAY
PERFORM SOLUTION?
PCODE(Z)=]1 MEANS YES
0 MEANS NO
PCLOBE (1)=3 IMPLIES PLODE{2)=l
MAXTMUM MUMBFR AOF ITERATIONS?
SCODF (1) MUSY EQUAL 1, 2, OR 7
PCONELZY MUSY EQUAL 1, .
PCODE (5) MUSY EQUAL 1, FOR ONE DR MORE COMPLETE ITERATIONS
FORM NORMALS?

PROCESSING CODES
1 HMEANS YES, O MEANS NO
SIMULATE GHIDE MATRIX?
PRINT NORMALS?
PEREDRM SUMMARY BY OBSERVED LINES?T.
PUNCH NORMALS IN ASD FORMAT?
SUMMARIZE RESULTS
PCODE (101 =0 DO NOT PRINT SUMMARY
=1 PRINT THE DX'S AND STANDARD DEVIATIONS
=2 PRINTS THE X,¥+2%S AND STANDARD DEVIATIONS
=3 PRINTS THE LATITUDE,LONGITUDE AND HEIGHT
=& PRINTS BOTH X,Y¥,Z E LAY.,LONGy & H
PRINT SATELLITE POSITION FOR EACH EVENT?
O MEANS NO
1 MEANS PRINT XvZ AND GEODETIC CONRDINATES
2 MEANS PRINT XYZ ONLY
3 MFANS PRINT GEODETIC COORDINATES ONLY
THIS PARAMETER DESCRIAES WHERE THE STANDARD DEVIATIONS OF THE
INOIVIDUAL NBSERVATIONS (USED TO FORM THE WEIGHTS) ARE 7O BE FOUND
PCODEL12)=0 MEANS T0 READ THE OBSERVATIONAL STANDARD DEVIATION
FROM THE CARD CONTAINING THE DESERVATION.
PCODEI1Z2)=1 MEANS TO ASSOCIATE A SINGLE STANDARD DEVIATION WITH
ALL OBSERVATIONS FROM A GIVEN STATION.®% THE $TANDARD DFVIATIONS
TO BE ASSOCIATIO WITH EACH STATIDN ARE GIVEN IN COLUMNS 73-79 OF
THE CARD CONTAINING THE INPUT CDORDINATES OF THE STATION.
PCODE(Y1?)}=7 MEANS TO ASSOCIATE A SINGLE STANDARD DEVIATION WITH
ALL DBSERVATIONS .** THIS NUMBER IS FOUND IN COLS. 21-30 OF THE
CARD CONMTAINING THE TEST DISTANGE (OPTICAL) DR TEST VARTANCE
(RANGE ) .
«% TN THE CASE OF OPTICAL OBSERVARTIONS, THIS NUMBER TS5 INTFAPRETE
AS THE STANDARD DEVIAION OF THE DECLINATION AND OF THF RTGHY
ASCENSION TIMES THE COSINE OF THE DECLINATION, AND THE
COVARIANCE 15 SET TD ZERO,
PCODE(12)53 MFANS TO READ ONLY THE DIAGONAL ELEMENTS OF THE
VARIANCE—COVARLANCE MATRIX (CPGS CORRELATED DATA ONLY)
COMPUTE AND PRINT CORRELATION MATRIX FOR EACH STATION
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6001

5001

6012

5050

6050
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{ CEGS CORRELATED DATA ONLY).
CODES WHICH APPLY YO DRBITAL MODE PROCESSING ONLY
14, TREAT COORDINATYES COF CENTER OF MASS AS UNKNOWNST (ORARITAL MODE DNLY)
15, PUNCH UPDATED CRBIT ELEMENTS? (ORRIYAL MIDE MNLY)

SOLUTION CODES

16+ WRITE NORMALS AND TNVERSE DURING SOLUTION PROCFSSING?
0 MEANS PRINT NOTHING
1 MEANS PRINT PIVOT ELEMENTS
2 MEANS ALSO PRINT NORMALS AND INVERSFE
3 MEANS ALSD PRINT REARRANGED NROMALS AND INVERSE
17. PUNCH ADJUSTED STATION XYZ AND VARTANCES FOR INPUT TO BADEKAS!
DATUM TRANSFORMATION PROGRAM?
18, PUNCH ADJUSTED STATION POSITIONS?
19. COMPUTE EIGENVECTORS OF VARIANCE-COVARIANCE MATRIX
20, COMPUTE CORRELATION COEFFICIENTS

COMMON/NSTA/ZNSTA

INTEGER*2 ENDSIG/LIHE/ LDNTIN
INTEGER=*2 PCODEI20)
COMMON/PCODES/PCODE

REAL®R TITLE(10])

CONTINUE

WRITFL6,60011)

FORMAT{IH] 20(/))
READ(S5,5001) TITLELCONTIN
FORMAT{9AB cAT,AL)
IFICONTINLEQ.ENDSIG) G TO &
WRITE(&,4012) TITLE
FORMAT (30X 4 9ABAT)

GO TO 4

CONTINUE

READ(5,%050) PCODE

FORMAT{BOI1)

WRITE(64060%0) PCODE

FORMAT(//7//710X+ "PROBLEM CODES*,10X+20I1)
CALL STAIN

CALL READIN

CALL ASD360

CALL FORMRN

sTOP

END



6000
L0011

4002
C 1IN

n
5002

003
4001
C
30
<
005

as

S00%

6006

6007

50
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SURROUTINE STAIM

IMPLICIT REAL*R{A-H,0-2)

COMMON/PCODES /PLODE

INTLIGER ENDSITG/LIHEZLCONTIN

COMMON /NSTA/NSTA

COMRMON/S TADRD/ZKORDER T 150)

INTEGER STANAM, JDS%2

INTEGER®? PLUS/1H+/

INTEGER®? TSGNPIPHIDIPHIM,LONGD LONGM, I SGML
COMMON/ZSTALDCZSTAUVWE 3,150) ¢ DATPRMEZ,15) s DATNAMI 4 15])
LSTANAM[S ,150),IDS{ 150}

COMMON/STAPLH/STAPLHI{ 2, 150)
COMMNN/DRSD/0OBSDIL50) . OVOBSD

MAXSTAz=1%0

WRITE(6,60001)

FORMATI1IHY)

FORMAT (1ML ,20(/})

WRAITEL 6, 00021

FORMAT L /27 770X 29H0ATUMS INVOLVED IN ADJUSTMENY//)
BUT DATUNMS

READ(S,5002) TDDLAE,BE ,CONTIN
FORMAT{1242F12,.3,53X,4A1)

IFICONTINLEQ.ENNSIGY GO TO 30

DATPRM{1,IDD)=AE

DATPRM (2 4 TOD )=RE

REANIS ;5003) IDATNAMIILIDD)Y e I=1,4)

FORMAT L4AR)

WRITE(L,6003) TDD 3 IDATNAMIT s IDD) o121 ,4) ; fDATPRMLT,IDD)Ixn1,2)
FORMAT(AHODATUM I3 43X o %8B ¢3HAT LF10,2412H METERS B= ,F1l0.2,
174 METERS?

60 TO 10

CONTINUE
STATION INPUT

WRITE(6,60051}

FORMATILHL///740X% ¢ 29HINPUT COORDINATES OF STATIMNS)

KSTA=0

KSTA=KSTA+1

READIS 50051 IDD, IDTS o ISTANAM I yKS5TAY y 151453 1SGNP 4 TPHID, IPHIM,,PRTS
1,LONGD +LONGM .FLONGS ;H, CONTIN

FORMAT (T4 12 ,0A%A2,A1+:2{213,FR.404 FL0.2,516X%4A11
TE{CONTIN.EQ.ENDSIG) GO TO 50

PHT=ANRADD{ISGNP 4 IPHID,IPHIM ,PHIS

ISGNL=PLUS

FLONGEANRADD E TSGNL yLONGD LONGHM ¢ FLONGS)

KORDER (KSTAY=zIDD

IOS(KSTAY=IDTS

STAPLH{] 4KSTA)=PHI

STAPLHIZ ,KSTAY=FLONG

CALL UVWDIDATPRMI(14+IDTS) JDATPRMIZIDTS) PHIFLONGoH,STAUVN (L, KSTA)
1, STAUVW 7 ,KSTA), STAUVREILKSTAD)

WRITEiDyODDEHIDD, (STANAMIIZKSTAYIx) 4S5 o IDTS 3 {DATNAM(T JTDOTS)oI=l,4
LY ISGNP L IPHID, IPHIM,PHIS ,ISGNL L LONGD s LONGM . F LONGS oH .
FORMAT(LHO s [ BX g 4A% 4 AZ , 10X, SHDATUM, T4 44X s 4A8/ 10X 4 20HGEODE TIC CODR
LOINATES ¢ 26X s Al e 2I34FB8.4)sFl2.4)

WAITE (6,6007) (STAUVWII KSTA),Txl,3)

FORMATIIOX ;2 IHCARTESTAN CODRDINATES 3F14.3)

G0 TO 38

CONTINUE

NSTA=KSTA-1

NS TAUN=I®NST A

RETURN

END
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SUBROUTINE READIN

THIS SUBROUTINE TS USED TO READ THE DATA FROM THEf DRICINAL TaAPF
AND PUT THE DATA ON UNTTS 3 AND 4 FOR PROCESSTING

IMPLICTT REAL*R(A~H,[~2)

DIMENSTON SIGAE({14,14)s GHA(TY, ROECIT), ALFS(2B)y DEC(2B},
IKSTATE(SO) » ID{4) ,COR(14,14)

DIMENSTON TEMPLLIZB),TEMP2{28]}

INTEGER#*4 CONTIN/IH /,ENDSTG/1HES

INTEGER*Z IGHH,IGHM,IDCH,IDCM

COMMON/NSTA/SNSTA

INTEGER*2Z2 PCDDE(20)

COMMON/PCODE S/PCODE

PI = 3.141592653%49797300

SPR  =({180.D0 *3800.00V/P1

KT=0

REWIND 3

REWIND &

READES »5015) KOUNT

READIS,S5020) TO

WRITE(3) TD

FORMAT(F10.01

KT=KT+l

N=1

READIB,5000 LFRR=SO,END=100) NEVENT NSTE NDPTS
FORMAT(1X,15,11,72)

WRITEL6,: 7000} MEVENT.NSTENOPTS
FORMAT(1Xs15411,4121)

I1S=1

HNN=NSTE*7

READIB 5005} IST.NUPTS
FORMAT{1Xs16,28X,12)
FORMAT {1 &,2BX412)

IDIN)=IST

KETA=KSTAID(IST)

IF{KSTA.FQ.0) GO TO g0
KSTATE(N)I=KSTA
FORMAT{16,28BX,12)

NOz=2#NUPTS
READCBSO10){(SIGAECTI + J) s J=sI+NO) I=E4NOJ
FORMAT{4E20.,13)

FORMAT{1H L 4E20,13)
FORMAT(4E20,13)
IFIPCODE(13),EQ.0) GO TH 200
DO 49 YI=l.14

CORII.I}=1.0

ng 51 I=1,123

Xel+]

DG 51 J=Kyl4

COR(I s JImSTIGAECT » JI/DSQORT(STGAE(] ,1)#*STIGAELD I ))
WRITElG,5396) NEVENT,IST

PO 53 I=l.14

DD 53 J=l,14

COR(Jy I ) =COR(T u)

B0 52 I=l,le
WRITE(L+6397){CORITI WY J=1,14)
FORMAT{IH L YEVENT NOLP,T5,5X, *STATION ND,*.15)
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FORMATIIH ,14F9.3)

N 5 I=1,NUPTS

Rgbﬂtﬁ.ﬁﬂlﬁ) TUPTS ;GHATTUPTS ) yRDEC{TUPTSY
FORMAT{I2¢2E16.9)

FORMATIIH 12,2F16.9)

CONTINUE

K=1

DO 6 I=1,13,2

STICAE(T 1 1=STGAELL I }#DCOSIRDEC (K] ) #4?
K==W+l

IF{PCODEL12).EQ.3) GO TO 300

k=1

oD A I=21,13,2

M=]+1

00 7 J=M,14,2

SIGAE{I+JI=S1GAEL] yJ}*DCOSIRDEC (KD}
K=k +]

K=l

L=2

Do 10 l=1113‘2

M=} +2

IFiM.6T.14) GO TO 10

DO & J=Myl13,2

STGAE(T 4 J1=STGAE(] p 31 RDCOSIRDEC{K) }#DLOS (ROECIL)}
L=L+1

KEK+]1

L=k +]

K=2

L=2

DO 12 1=2412:2

M=T+]

00 11 J=M,13.2
SIGAE(I,JI=SIGAEL(L,J)*DCOSIRDELIK}D
K=x+]

L=L+l

=i

DO 4 I=l.14

DO 4 Jzlslé

SIGAEL J-I)=SIGAEL{T + 42

CONTINUE

GO TO S30

00 527 I=zl,14

O 42T J=1.14

CORIT, =S5 GAEIT o F}

DD S28 I=l.14

DO %28 Jrml,ls

SIGAE(T,4¥=0.0DC

DO 529 Jel,14

SIGAE(I +I1=CORIIN1)

CONTINUE

J=1

OO 20 1=N,NN,NSYE
ALFSII)=GHALY)
DECLIY=RDECLN)
J=J+1

CONTINUE

WRITE(3) NEVENT  NSTEIST yNUPYS ,SIGAF , (GHATIS ) yRNEC(18),I5=1,NUPTS)

156
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1, CONTIN
¢ WRITECG,6B4T7) NEVENT,1ST,NSTE
6647 FORMAT(1H ,315)
6910 FORMAT(IH ,4D27.14)
TEINLEC.NSTE) 6B TO 40
NzN+1
sh 10 2
50 WRITE(6) NEVENT NSTE NNy (ALFSCI5),0FCITS) oI5=1 MR INSTATE(LBoL=1y
ANSTE) y IDFL) ,L=1 gNSTED ,CONTTIN
G0 101
BO WRITE(6,639E) 15T
6398 FORMAT(IHO.YSTATION®,I5,1X, *NOT FOUND IN INPUT LIST*)
sToe
50 WRITE(6475)
2% FORMAT('FRRDOR FOUND WHILE REANING TAPE")
1IN0 CONTINUF
IF(KT.LT.KOUNT) GO TO 125
RACKSPACE 2
WRITE(3) NEVENT NSTESISTNUPTS,STGAE, (GHALIS )4 ROECLISYIS=1,NUPTS)
14ENOSTG
c RETURN
END
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SUBRDUTINE ASD3L0

€ S/360 VERSION OF ASD PROGRAM FOR - OPTICAL SATELLITE DIRECTIONS

6004

IKPLICIY REAL®BIA-H,O-I)
INTEGER®2 PCODE(20)

COMMDN/PCODE S/PCODE

INTEGER®4 ENDSIG/IHE/ WCONTING,DELCODIZ}/1H 41H¥/,ECODE
COMMON/NSTA/NSTA

COMMDN/DEDTTC/ZALFST &) DFCL &), ST3)eDI 41 45DCL3, &) EVEUM,
1 STAXYZ(3,50),G01,

2TOWKSTAYELSO )} IPASS(B0 ¢ NSTELNSUSED,ECDDE

INTEGER STANAM,IDS*?
COMMON/STALOC/STAUVHIZ 41501 4DATPRM{Z, 15 4 DATNAM(&415)
1STANAM{5,1501,IDS(150) '

COMMDN /STACRO/KOIRDER (150)

DIMENSTON SSOCI21,4)yAWE2Z1) 4 A0Z1 4221 4AT(21,21) +DDN{21,21)4WI22421)
1oWWilayedla)ALIZ28) ,,0CL28)NORSTA{ISN)AY(2]1,3F,A1T(3,211,1ID1{4),

2 DDK{21),THP(L4,140, 01021421 +aM{21,211),
ABTE21 421 Vs TEMPLIZL 42 ), TEMP2(2] 421 04BN(3,21,4) (TEMPYI(21),
SONE3,3,50) DK{3,5C),XXI3}, AK1{21),TAd21)

DIMFNSION VPVI4)
COMMON/HPW/ WP W XPU, TDEGF oNFST A
REAL®G VYPYSTA{150)

MAXSTE=50

Pl = 3,141592653589797300

P12 = 2,00%P1

RPETY = 180.00/7]1

SPR ={180,00 *3600.00}/P]
WPHERD .0

REWIND 2

REWIND 3

REWIND «

READ{3) TD

WRITEL&,6004) TD

FURMATE /220X 4 *TEST DISTANCE =% ,F20.2," SECONDS OF ARC?)

KEVENT=0

EPR=0.0

DO TO KSTA=1,NSTA
NOBSTAIKSTA) =0
VPYSTALKSTA I =0.0
00 70 1=1,3
OK{T+K5TA)=0.

B0 70 Jye=].3

ON(I o JoK5TA)=0,

TO CONYINUE

80

00 B0 I=l,21
00 a0 J=1,3
AliTsd)=0.0
AlT(J,11=0.0
CONTINUE

J=1

313 D0 314 I=J,21,23

3le

317

AlT (ST )==1 .0
AliT.+d)=-1.0

J= el

1IF{d.LT.4) GO TO 213
CONTINUE
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No 81 I=3,21
DO Bl J=1,21
BT ,J1=0.0
CONTINUE

DO A2 I=1.21
D0 R2 3=1,21
Wi{lyJ1=0.0
CONTINUE

C START DATA INPUT

210

632%

212

4008

275

280
4n10

0%

610
611
6024

&12

&023
630

6012

CONTINUE

READ(H) IEVENT oNSTE NNy (ALTIS) oDCIIS) s IS=1oNN) S {KSTATEILY 4L=1,
INSTE) L (TDHIS5),IS5=1,NSTE) ,CONTIN

FORMAT(1H ,2D21.14)

DO 272 15=1.NSTE

KETA=KSTATF(IS)

Do 272 M=1,23

STAXYZ (N, IS I=STAUVWIM KSTA)

WRITE(6,6008B) KEVFNT,TEVENT JPR
FORMAT(/ 1Xy'EVENT*,16,5%,.16} JPR
LL=0

=0

KEVENT=KEVENT+]

00 301 K=1,7

DO 275 I=1,NSTE

L=T+LL

ALFS(TIY=AL(L)

DEC{II=0CIL)

CONTINUE

CALL DFDIT

00 280 IS=14+NSTE

WRITE{Hs6010) IOCIS) ALFSEISYDECLIS) DITS),DELCODITIRASSE{TIS))
FnRHAT(l7,20!.F15.7.5!.F15.7,5!.F10.1.Zl,hli

RO 30% Ixl,3

J=1+44

DO 30% ISc=l NSTE

SSDC(,IS)=SDC(1,15)

CONTINUE

LL=LL +NSTE

Jd=Jte3

IFIECQDE.GTL 1) GO TH 630

IF(PCODE{11)) 610,630,610

IF(PCODE(1I1)-3) 611,4612,¢11

WRITE(S,6024) S

FORMAT(®™ SATELLITE POSITION® ,3F15.3)
IF{PCODE(11)~2) 61246304612

IDTS=IOS IKSTATE(L)) '

CALL UVYNTGZ2I5,0ATPRMII oI0TS) ¢ PHT 4 FLAM, M}
PHI=PHI¥RPD

FLAMSFLAMSRPD

WRITELE+£023) PHI FLAMH

FORMAT(®* GEOD. COORD. OF SAYELLITE® ,2F14.64F14.1)
CONTINUF

WRITEL(6,6012) GQI

FORMAT(1OX 4 'GOI=* ,F10,5}

TFIFCODE.GT.1) GO T 290

IF{NSUSED.EQ.D) GD TO 29D

RMSMCaDSQRTIEVSUM/DRLOAT INSUSEDY)

WRITEL6,6011) RMSMC



¢
C
C

6n11l

290
6015

apo
ELLh
6903

310
302

10

1%

302
&900

ER ]
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FORMAT [ 1M+ 27X, *RMS NISCLOSURE IN METERS=? ,F10.1}

Go TO 300
WRITF (6,6015) ECODE

FORMATI 1M+, 77X, *ENTIRE EVENT OELETED, KODE=*,T4)

GO YO 302

SfT UP ORSERVATION EQUATIONS FOR THIS EVENT AND COMPUTE CONTRTBUTONNS

TO THF NORMAL EQUATIONS
CONTINUE
CONTINUE
FORMAT(L1H ,6D20.13])
DO 210 I=1y21
av{l1)=0,0
nox{IY=0o.
00 310 J=l.21
DONI(I, J)=0,.0
CONTINUF
CONTINUE

J5=0

o0 390 IS=1,.NSTE

READLI) NEVENT¢NSTB,ISToNUPTS W {ALL 1),
*CONTIN

IF(TPASSITIS).GY.1) GO TO 390
CALL VERSOLIWW,TMP,144,14])
K=1

L=2

L'ES

M=t

0o 10 IskK,L

NN 5 J=l,21,3
Hll!J,=THPtNgM’

WD Jel1=THP{NM+]1)
W(lyde2)=0,

M=Ma+Z

CONTYNUE

N=N+1

M=1

CONTINUE

K=K +3

L=K+1

IFIX.6T.21) GO TO 15

G0 TO 3

CONTINUE

0a 303 I=l,NUPTS
AL{TI)=PI2-AL{I}

FORMATIIH ,7D15,.8)
JE=JSe]

0CC T3, I214NUPTS),

J5 IS5 THE COUNTER FOR NON DELETED STATIONS IN THE EVENT.

I=1

J=1

L=l

Kxl +]

Nzt +2
RSQCSD=SSOC{L,ISI*®2+SSDC (M ISH¥n2
RSO=REQCESD+SEDCIN, IS ) *%2
RCD=DSORTIRSQLID Y}

RANGE=DSQRT(RS5Q)



ED ¥4

ELIMINATE

Q40

8zl

915

6910

I1&

320

32%

328

SG=DSINLALLIY)
CG=DCOSEALIT T
SN=NSININCOI))
CO=DCNSIDCTEY)
AfLL)=SD2CG*RANGE
ALL 4M)=SGHCDERANGE
A{L o NI=—CORCGRRANGE
ATMLL)I=SD*SG*RANGE
AlMeM}=~CLMDPRRANGE
A(MN)==-LD*SG*RANGE
Al NoL1=-CD*RANGE
Al NyM)=0,

Al NyN)==SD*RANGF

AWIL)= SSOCCLISH-RANGE=DCASE AL(T)I*DCOS(DCA(T))
AWM= SSOC{M IS }=RANCE®DSIN(ALIT }I2DCOSIDCIT))
AW (N)= SSDCE{NISI-RANGE®DSINIDC{I))

JEDED ]
J=Je2
L=L+3

TF14.F0.15) GO TO 312

co TD 313
CONTINUE
KSTA=KSTATE (15}

THE FVENT.

KSTATELJSY=KSTATYELTS)

CALL VERSOL{A»BT21,21)

D0 %40 I=1,21
DO 94D J=l,21
A{T oy J1=BT(IsJ]
DO 821 I=l,21
DN B2l J=1.21
AT(,1)=A1T44)

CALL DGMPRDIAT, WTEMP1,21421,21)

CALL DGMPRDITEMPL+ATEMP2,21,21+21)

CALL DGMPRD{AYT,TEMP2 ,BN{141,0458),3.21,21)
CALL DGMPRDITEMP2,AW, TEWP3,214721,41}

0o 91% I=1,3
00 91% J=l,21

BN(I,JsJ5)==BN(T,0445)

No 916 I=z1,21

DOK I Y =0DKR (T H+TEMPI(T ]

FORMATI{1IH ,4022.14)
D0 916 J=1.21

DONLI 2 d)=DON{T o JI+TEMP2{I 4}

DO 330 I=1,3
00 325 J=i,3
TERM=0,0

ne 320 11s1.21
DO 320 JJ=l, 21

TERMeTERM+AL(IIZI)ATENP2IIIWJI®AL{SJeJ)
ON{ToJyKSTA=ONL{T s 4" STAI+TERM

CONTINUE
TERMN=D .0
DO 328 II=l,21
DO 328 Ju=1,21

TERMETERM+AL{IT I ISTEMP2(T T JJI%ANCIS)

DELEVED STATIONS FROM THE LIST OF STATIONS INVOLVED IN

161
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DKL T4KSTAI=DKIT K5TA)~TERM

330 CONTINUE
CALL DGMPROESSOCIL1S)TEMPZAK1+1,421+21)
CALL DGMPRDIAKISSOCIY,TS).VPVTO,1,421,1)
WRITF{4,938) VPVWTOD

938 FORMAT(1H ,*NEW VPY!,020.121

KNM=KPRDER (KSTA) JPR
WRITECT,7043) NEVENT KNQ,YPVTO Jew

T043 FORMATISX,215,015.7) Jrr
vy ({1ISY=vPyYTO

VPVSTA(KSTA)I=VPVSTA(KSTA )+VPVTD

NORSTALKSTAI=NORSTAIKNSTA Jo 14
390 CONTINUE

IFLECODE.LT.2) GO TO &70

KEVENT=KEVENT~1

GO TO 602

FORM REDUCED NORMAL EQUATIDONS.

INVERT DDN
670 CALL VERSOL({DDN+BTs23+21)
CALL DGMPRD(DDK,BT oTA,14+21421}
CALL DGMPRD(TA,DOK TR 142141}
WRITE(4,93%) TR
939 FORMATC(LIH »*WPW CONTRIBUTION FROM SATFLLYTE POSTITIONS*,020.12)
VPVSED,.
DO 943 I=1,NSTE
VPyS=vPYS+VPVIT)
IF(VPVIT}.LT.100000.) GO TN 943
CALL DEIGNI(DDNJRR 21,1}
PNO=DONME1,Y 1 /700NE21421)
1FIPNO.GT.0.) GO TO 943
KSTA=XSTATE(])
KNO=KNRDER{K5TA)
WRITE{H,.6985) KNOPNO
4985 FORMAT(IMO,"THE P MUMBER FOR STATION NOL?o151X,°15%,D16.8)
GO TO 944 :
943 CONTINUE
TESTayPyYsS-TR
IF(TESTAGT.0.) BD TD 942
G944 DD 941 Izl NSTE
KSTA=KSTATF(I?
YPVYSTAIKSTAY=VPYSTAIKSTAI-VPVI]}
941 NOBSTA{KSTA)I=NOBSTAIKSTAI-14
ECONE=2
KEVENT=KEVENT=-1
WRITE1H,6%83)
6983 FORMAT (14 ,'THE ABOVE EVENT WAS REJECTFD BFCAUSE DF POOR CONDITION
1ING®}
WAITE{6+6984) PND
6984 FORMAT(1HO,'THE P NUMARER FOR DNF DF THE STATIONS IN THE ABOVE EVEM
1T 15,D1b6.8)
GO TO 602
942 CONTINUE
WPHWSPsWPWSP+TH
NSUSED=JS
WRITE(21 NSUSED BT 00Ky C{(RN(Y ¢ JpdS)sI=l 30 ,d=1,210,KS$TATE(IS],
1J5= 1y NSUSED) s CONTIN



602 COMTINUE

C
C TEST FOR END OF INPUT
TFICDONTIN,FQ.ENDSIGY GO TO 700
GO TO 210
C
9
C
700 CONTINUE
C
CHECK TO SEE IF END SIGNAL HAS BEEN WRITTEN ON DATA SETY FTC2

IF(FCODE.EG.1) GO TO 710
RACKSPACF 2
C READ AND REWRITE LAST RECORD FROM LAST GOOD FVENT
READ(2) NSUSED, BT DDKy C{{BN(T ¢ dpJS),I1%1,3),J=1,21)KSTATE(JS),
1J5=1,NSUSED)
BACKSPACE 2
WRITE(2] NSUSED.BT.DDK-(((BN{I.JyJSI.I=1¢3)vJ=1f21ioKSTATElJS)v
1J5=14NSUSED) ,CONTIN
710 CONTINUE
WRITEL2) 100 DNUI4JoKSTA) s I21 43 )40K (I KSTAY ,U=1430,
XKSTA=1,N5TA) .
C HRITE(6'60183(KORDER(KST‘)u((DN(]fJiKSTA)}J'I|3)|I=1131'
C IKSTA=1,NSTA) '
6018 FORMAT((IS/3(3D18.7/}))
HPH’DIO
NOB5=0
WRITELG,6019)
4019 FORMAT{LHL,B1{/),10X, *ANALYSIS OF MISCLOSURES BY STATIONYZ/
1T10,*STATION" Y20, "NUNBER OF DBSERVATIONS *4T50+ RMS MISCLOSURE"?
0O 750 KSTA=SL4NSTA
NORSENORS+NOBSTAIKSTAY
WPH=WPW+YPVETAIKSTAS
RMSMC=0,0
TE (NOBSTAIKSTA) .GT .0} RMSMC=DSORT{VPVSTAIKSTA)/DFLOAT (NOBSTAIKSTA)
1N
WRITE(6,6020) KORDER(KSTAISNOBSTA(KSTA),RMSHC
6020 FORMAT{TIO0,37.T35,17,Y50,F14,.2)
750 CDONTINUE . :
IDEGF=NOBS-21*KEVENT
RMSMCEDSQRT (WPW/DFLOATEIDEGF) ) )
WRITECH, 6021 ) NDBS KEVENT yIDEGFE (WP WyRMSM{ :
5021 FORMAY{//7/10%,'TOTAL NUMBER OF GOOD OBSERVATIONS®,TeD,I18/7/7
110X, *TOTAL NUMBER OF GODOD EVENTS',T40,10,//
Z10X L, *CORRESPONDING DEGREES OF FREEDOM® 2T&0,18// .
310X, 'TOTAL SUM OF SQUARES GF MISCLOSURESY.T604F11.2//
410X ¢ "CORRE SPONDING STANDARD DEVIATION OF UNIT WEIGHT?,T40.F11,.,2)
WeW=WPW=-WPWSP ) ' ‘
WRITE(L,6022) WPH
6022 FORMAT(1HO,9X, *wPW INCLUDING CONTRIBUTTON FROM SATELLIYE POSITION®
1/715X:*{1.E.y VEVHUIX)? s TEDWF11.2)
RETURN
END
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SUBROUTINE UVHD (A B +PHIJLAMOA,H,U,VyN)
DOUBLE PRECISION PHI yLAMDA N, E2 +FAC ,Us VW, 5P
REAL#*B A.B.H

E2=1.0-(B/A)*#2

SP=DSIN{PHI)

N=A/DSQRT{1.0~-E2*5P*5P}
FAC={N+HI®DLOS{PH] )

U=FAC®DCOS{LAMDA)

V=FAC*DSIN(LAMDA)

W2 {N®(}.,0-E2)+H)a5P

RETURN

END

NOUVBLE PRECISION FUNCTION DPDOY{X,Y,N)
DOUBLE PRECISION XN}, YN}

oPDOT=0.0

00 10 I=z1,N

DPOOY=DPNOT+X{I)sY {1}

RETURN

END

DOUBLE PRECISION FUNCTION ANRADDUTISGN. IDEG+MIN,SEC)
INTEGER®2 MINUS/LIH=/, PLUS/1H*/,AMPSAN/IHE/y ISGN+IDEG (MIN
DOUBLE PRECISION SEC

IFtIDEG.GE.OY GO TD 10

ISGN=MINUS

1DEG==1DEG

CONTINUE '
ANRADD={DFLOAT( { IDEG*GO+MIN) =60} +SEC) /2062564 .8062500
IFIISGNLEQMINUS ) ANRATI)=—ANRADD

TIF{ISGNL.EQ.AMPSAN]) ISGN=PLUS

RETURN

END
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SUBROUTINE UVWTGZ I UVH yDATUM, PHT JLAMH)
C COMYERT RECTANGULAR TO GEODETIC COORDINATES
C ALIAS FOR UVWTG

IMPLICIT REAL®B(A-Z)
DIMENSIDN UVWEA),DATUMI-2])
LAMSDATANZ tUVWEZ ) ,UVWI1) )
IFLLAM.LT 0.0} LAH=LAH46.2831853071795500
OMEZ={DATUM{ 2 ) /DATUML] ) } 322
E2=1,0-0MEZ
PzOSQRTIUVW] L1%#2+UVH (2] %¥2)
WP=UVW (3) /P
TPl=WP/OME2
PHI1=0ATAN(TPL}

5 TTP=TPLuTP]
SECP=DSQRTIL .O+TTP)
N=DATUMI1I3SECP/NSQRT{ 1. O+OME2*TTP}
H=P#*S5FECP-N
TPZ=WP /{1, 0-E2*N/INeH]) )
PHI=DATAN{TP2Z)
IF{DARS (PHI=PHI1)}.LT.1.0~121 RETURN
PHT I=PHI
TP1=TP2
Go TO %
END



[ XaEakalnEnlaNaR el

166

SURROUTINE DEDIT
IMPLICIT AFAL®R{A-H,0-2}
COMMON/DEDITC/ALFS( 4)4DECTE )¢ SU3,D0 &) SDCI2y &)y SUM,
1 STAXYZ(3,50),GAT.
ZTD.KSThTFI501-IPASS!SO'gNSTE,NSUSEO.KUDE
EDIT DATA BASED ON PRELIMINARY STAYTON POSTTIONS AND DELETE BAD
ORSERVATIONS AND BaD EVENTS,BASED ON THE DISTANCE CRITERION TD
THIS SUBROUTINE IS DIMENSION FOR A MAXIMI™ OF MAXSTE=SD STATIONS
PARTICIPATING IN ANY ONE EVENT. ALt AFFECTED ARRAYS ARE IN
COMMON BLOCK /DEDITC/.

THE NUMBER OF STATIONS PARTICIPATING IN THE EVENT 15 NSTE.
THE NUMBRER DF STATIONS NOY OELETED 15 ‘NSUSED.

COMMON/STALOC/STAUVWL3,4150)
DIMENSION QUA¢3)RHS{I),01(3,:20,VI(3},UI304)

PI=2.141592653589792D0
TP1=2.%P1
MAXSTE=S0
INITTIALITE
KONE=1
DO 110 I5=1,NSTE
110 1PASS(IS)I=Y
TPASS=]l MEANS THIS ODIRECTION OK
IPASS=2 MEANS THIS DIRECTION DELETED FROM EVENT

FORM UNIT VECTORS FOR ALL DIRECTIONS IN THIS EVENT
DO 125 1S=1,NSTE
STS=TPI-ALFSIIS)
CA=DCOSISTS)
SA=DSIN(STS)
CD=DCOS (DECL1S))
SDEOSINIDEC (15))
UL1,IS)=Ca%CD
UC2,1S)=54%CD
u{3,I5)250

125 CONTINUE

INITIALTZE ARRAYS FOR THIS TTERATION
130 CONTINUE '

NSUSED=O

DO 140 T=1,3

RHSIT)=0.0

S{Ti=0.0

DN 140 J=1,.3

Qi1.4)=0.0
140 CONTINUE

ACCUMULATE EQUATIONS

TF{TPASS(15).EQ.2) GD TO 190
NSUSED=NSUSED+ L
DO 170 I=143
00 169 J=1.3
169 QL(1,JIsUCT.ISI*UIJ,4IS)
170 CI{I,11=QI{I,1)-1.0
DD 175 Iale3
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DO 175 J=1,3

QUILJ1=Q(1,J3+011T .0}

RHS (T I=RHS{TI+Q1 (T J)*STAXYZ1J, 15}
175 CONTINUE
190 CONTINUE

TCST FOR DELETION OF WHOLE EVENT
TF(NSUSED.LT.2) GO TO 420

INVERT AND SOLVE
THE SATELLIYE POSITION S IS SELECTED 1t SUCH A WAY THAT THF SUM OF
THE SQUARES OF THE DISTANCES FROM S QF THE KRON-DELETED RAYS IS MINIMIZED.
DET=1,0
CQLLDHINVIQDEUDET1QI|1r1'10!(1'2"
GQI:DARS (DET/DFLOATINSUSEDH)
TE{GRT .LT.1.00-4) GO TO 430
CALL DGMPRO{IC,RHS 454343411

COMPUTE DISTANCE FROM S FOR EACH RAY
1SMeX=0 '
DMAX=0.0
SUM=0,0
00 280 1S=1.4NSTE
ng 270 I=1,2
DO 269 J=l,.2

269 QICT,Jb=UIT,ISI*ULILTIS)
QI(T,I 1=QI(I10-1.0
VItI)I=S(II=-STARYZ{I,IS)

270 CONTINUE
pO1=0PDOTIVIU{1y15)43)
0OpI=DABS{DDI}
0I=D.0
o0 275 I=1,3
DI=DI+(VI(T)-DDI*ULI,I5) )s*2
SDC(Y,I5)=VI(])

275 CONTINUE
D{I15)=DSQRTIDOI1/DDIN206264,80625
IF(IPASS{TS) .EQa2) GO TO 280
SUM=SUM+D]T

TEST D AGAINST TD AND DELETE IF NECESSARY
IF{DIIS).LT.DMAX) GD TO 280
OMAX=D(I5)
15MAax=]5

280 CONTINUE
1F{DMAX.LT.TD) RETURN
TPASS(ISMAX)=2

GD BACK AND MAKE ANOTHER PASS THROUGH THE DATA
GO TO 130
400 CONTINUE
DELFTE WHOLE EVENT
00 410 IS=14NSTE
410 IPASS(IS)=2
NSUSED=0
RETURN
“£20 CONTINUE
DELETE FOR INSUFFICIENT GOOD OBSERVATIONS
KODE=2
GO TO 400
DELETE FOR INSUFFICIENT GEOMETRICAL SEPARATION PETWFEN DASERVATIONS
430 CONTINUE
KQDE=3
GO TO %00
END
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INTEGER FUNCTION KSTAIDCTO}
COMMON/STACRD/KORDER(150)
COMMON/NSTA/NSTA )
KSTATD=0
SEARCH TABLE OF STATICN IDENTIFIERS FOR THE INTERNAL NUMBER OF THIS STATION
DO 10 I=1,NSTA :
1F{KORDER(TILNELID} GO TD 10
KSTAID=]
RETURN
10 CANTYINUE
RETURN
END

C

SUBROUTINE DMSTRUA (R ¢NMSA MSR)
IMPLICIT REAL®E (A~H D-2)
DIMENSION A(I),R{1)
DO 20 Iel,N
DO 20 J=1,N
TF(MSR} 5,10,5

5 IF({I-J) 10,10,20

10 CALL LOCET yJ s IR NN MSR}
TFLIRY 20,20,15%

15 RUIR}=D.O
CALL LOC(T oJsTAsN,NyMSA)
IFITAY 20,20,18

18 R{IRI=AL(IAY

20 CONTINUE
RE TURN
END
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SURROUTINE FORMRN
TUPLICIT REAL*B{A~H,0-7)
COMMDN/NSTA/NSTA
INTFGER®2 PCODF{20)
COMMON/PLODES/PCONE
COMMON/WPW /WPHy XPU, TDEGF s JFSTR
DIMENSTON DDWNEZ12210,0DKE21 L1 (2)4L 20230 4ANDDNTI{Z,21) TN ,2),
1T E3) CNUD,21094) 9 ON(2Y,3),DDLI3)
INTEGER®2 | ,L50LVE
INTFGER CONTIN.FNOSIG/IHE/
COMMON/STANRO/AXORDERE150)
COMMON/NORME Q7L SNLVE
DIMENSION REDNI343412751,U{3,500,L(12T75)
NIMENSTON BN{342,50),LG(50)
FOR® REDUCED NDRMAL ECUATIANS FOR UP TO 50 STATIONS
DIMENSION KSTATE{50)
LNCIK = [K*{K+1))/2
MAXSTA=50
IF{NSTALGT.MAXSTA} GO TO 901

THE REDUCED NORMAL EQUATIONS ARE STORED AS 3 X 3 BLLCKS IN THE ARRAY REDN.
ONLY THE UPPER TRTANGULAR PART OF THE REPUCED NORMAL EQUATIDNS IS STORED.
THE 3LOCKS OF THE REDUCED NORMAL EQUATIONS ARF NUMBERED
ACCCRDING TC THE FOLLOWING SCHEME:

11
12
13
is
15 ET CETERA

1 2 4
3 E
b

DD W

L{1275) IS5 THE GUIDE MATRIX

L=l SIGNIFIES A NON ZERDC BLDCK

L=0 SIGNIFIES A ZFRQO BLOCK -
TA=LOCINSTA) : C R
Do 100 JR=1,1R . s o
00 99 J=1.3
0 99 J=1,3

99 REON{IyJ,JB)=0.0

100 L{JB)=0D

RACKSPACE 2 : R
READ(2) (CEBNITpJoeKSTAD e Im143) ol JeKSTA e J=1, 20y
XKSTAs]4NSTA)

REWIND 2

STASH DIAGONAL BLOCKS
DO 110 KSTA=1,NSTA
18 =LOCIKSTA)
DG 108 I=1.,3
00 108 J=l1,3
108 REDN(TI,J,18)=8N{I,4,K5TA)
110 CANTINUE

FDEGF=]IDEGF
TFIPCODE IS -EQ-1) WRITE(T7,7010) FOEGF,WPW
TO10 FORMATI{L16X+2Flbeb) a
READ BLOLKS FROM EACH EVENT AND REDUCE NORMAL EQUATIONS



C

(o o BN o B o1

o an

C

150

15%

READIZY NSTE +DDNGODR g { T1CNIY 4 39353 2I21,30 58514210,
IKSTATEIIS P IS=1,NSTE},CONTIN

DO 1RO T1S5=) oNSTE

TTTA=KSTATS (IS}

IB=ISTA _

CALL DGMPRD(CN{1,1,15),00H,BNDDNT,3,21+21)
CALL DGMPRE IBNDDNT 4DTK+TK43,2141)

B0 155 {=1.3

VLT, TSTAY=ULT4ISTAY=TK(])

DM 180 JS=1,NSTE

JSTA=KSTATELJS)

JB=JSTA

SKIP IF (1STA.GT.JSTA), SINCE ONLY THE UPPER TRIANGULAR PART OF THE

REDYCFD NORMAL EQUATIONS 1% BFING COMPUTED AND SAVED,
IF{ISTALGT,.JSTA) GO TO 1P0Q

I18,JR) GIVES THE ROW AND COLUMN NUMBER NF THE RLOCKX IN THF REDUCED

HORMAL EQUATIONS CURRENTLY BEING PROCESSED,

SET INDICATOR

PE

156

6910

NB=LOC {4B-1}

MRz JRENR
LINB)=LINB)Y+7
REORM REOUCTIDN

nO 156 I1=1,3

N0 156 Jsle21

DNUJ T I=CNLT 22 05)
CALL DGMPRDI{BNDDNI ;DN TN 3421¢3}
FORMAT{IH ,3D20.12)
0 130 1=1,3

no 130 J=1,3

130 REDNCI ,JyNBI=REDNLT +JyNB)~TN(1,J)
180 CONTINUE

1
4

E
400

I

6001

435

F END OF DATA, GD OQUT OF LOOP

TF (CONYINLEQ-ENDSIG) GO TO 400
F NMOT, RETURN TO PROCESS ANOTHER FVENT
GO TC 150

NTER HFRE WHEN ALL EVENTS HAVE REEN PROCESSFD.
CONTINUE

MULATE KRAKIWSKI'S GUIGE MATRIX
IF{PCODELLE ). NELL) GO TO 441

WRITE(&,6001)
FORMATE{1H1 + 104/} 420X 2GUIDE MATRIXT}
D0 440 ISTA=1.,NSTA

I1B=0

LG{1)}=1000

DO 435 JSTA=1STANSTA
JRELOCEISTA-1)+TISTA
TF(L{JBILEQeD) GO TO 425
IR=1b+]
LGI{IB)=KORDER(JSTA)
CONTINUE

Ifx=1Be]

170
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IF(1B.GT.1}) LGIIR)=999
439 WRITE(&,6002) KORDER(ISTA),I1GITY,I=1,41B)
6002 FORMAT{ZOX I5,5Xs1815,200(/30X41RIS5Y}
440 CONTINUE
441 CONTINUE
C
C PRINT MDRMALS IN ASD FORMAT,AND PUNCH IF DESIRED.
WRITFLb,60031}
6002 FORMAT(1H1//? NORMAL EQUATIONS (SEE GUICE YATRIX}'//)
RO 450 ISTA=1,NSTA
N0 442 I=143
642 DDLUT)I=—U{I,IS5TA)
IR=0
Je=tOC(ISTA)
TFILIJB) 4G6T.0) TR=1
c PUNCH NORMALS
IF(PCODE(S}.NEL]) GO TD «&3
CWRITF(T7.7001) KORDER{ISTA}
TOO01 FORMATI141IS)
WRITE(T7,7006) DDL
T006 FORMATIZINY1E.9,5%) }
WRITEIT,TONE) (IREDNCI Jod3B)yJr1,42),40n1,3)
TOOA FORMATIAD16.9/3D16.9/30146.9)
[
443 CONTINUE
C PRINY DIAGDONAL BLOCK
IFIPLODEIT}aNESLY GO TN 44k
WRITELG6,6004) KORDERLISTA)
6004 FORMAT(//15)
WRITELL,4006) DDL
6006 FORMAT{/3{Fl&.10,5X}}
WRITE{6,6008) ((REDNIT 2y JBYs2=1,3),1%],2)
6008 FORMAT(3F14,10)
Lu& CONTINUE
[ PRINT OFF=DIAGONAL BLOCKS
KSTA=ISTA+1
IFIISTALEQ.NSTAY GO TO 44B
DO 445 JSTA=KSTALNSTA
JALNC(JSTA=1}+15T74
TF(LLJBYLEQ.O0) GO TO 445
IB=JR+1
IF{PLCODE(9).NELL) GO TO 7445
WRITECT,TD01) KORDER{ JSTA)
WRITE{T7,7008) ({REDNII,JydB) e Jsle3},121,3)
T44a% CANTINUE
TF(PCODEL T} NEWl) GT TO 445
WRITE(6,6004) KORDER{JISTA)
WRITE(646008) ((REDNTT 4 JyJB) yJ=lse3)e12l,431)
445 CONTINUE
hap T=1000
IF{IA.GT.O) I=909
IFIPCODE(TY.FQul) WRITEIL,5004) 1
IFIPCODEL?).EQ.1) WRITE(7,700)) ]
450 CONTINUE
IF{PCODEIB)LNEL]) GO TO 478
WRITE(E46010)
6010 FORMATILIOL/) 220X, *OBSERVATIONS ON EACH LINEY)
TB=NSTA-L1
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475
“78
201

<001
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00 475 15TA=1.1I8

KSTA=ISTA+L

00 475 JSTA=KSTaA.NSTA :
WRITF(6,60110 KORDERIISTA) KORDERIISTAN LILOCIISTA-TI+ISTA)
FORMATI(B]I10)

CONTINUE

CONTINUE

RETURM

CONTINOF

WRITELG6,9001) MAXSTANSTA

FORMATIL® FORNMRN 15 PRESENTLY DIMENSIONED TO HANDLE ONLY " oI5,

i° UNKNOWN STATIONS.'/20%,* THIS PROBLEM HAST,[&," UNKNOWN STATI
2I0MS, P 710X, "EXECUTION 15 TERMINATED. BY PROGRAM,.'}

sy
END

TURROUTINF VERSOL {PRGMAT,VERMAT, I, M)
TMPLICIT REAL*B{A=H,L-7)

CNMMENT 1 IS THE NUNMBER OF ROWS IN TRGMAT, AND M IS 1 PLUS THE NUMRER CF

C

OF UNKNOWN COLUMNS. THE ORIGINAL VALUES OF NDRGMAY ARE RETAINED.
CIMENSION ORGMAT {1,M}, VERMAT [J.M}

NIMENSION PI721

N=1-1

MIxM-]

oL J=lel

np 1 ¥=l,l

YFRMATI I K Y=CRGMAT{J.K]

00 5 K=1,1

Do ? Jd=1,M1

P {J] = VERMAT {(1,J+1}/VERMAT (1,1}

PiM)el ,OO0/VFRMAT(1,1)

DO 4 L=1,N
o0 3 3=1,M1
VFRMAT (Lsd)
VYERMAT {(L4M}

VERMAT (LelyJoi} = VERMAT (Le¢1,s1) ¥ PUJ)
— VERMAT {L+ly1} * PiM]

nmn

00 5 J=l.M
VERMAT (I.J) = PLN
RETURM

END



